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MANHOLE ARC-FLASH TESTING

SCOPE
IMPERATIVE FORM

This Scope of Work (SOW) is written in imperative form and this imperative
language is directed to the general contractor, here after known as The
Contractor, unless specifically noted otherwise.

DESCRIPTION

Provide services for electrical high power testing to determine the arc flash
impact on cable splices inside a manhole/ vault to mimic the ground fault
occurrences on KSC's 15kV power system. Provide all materials, labor, test lab
services, support services, tools, equipment, sub-contracts, shipping,
transportation, per-diem, and lodging to provide support services at both the
Contractor’'s normal base of operation and an extended duration at the test lab
location as specified herein. Procure, provide, prepare, install, connect, test,
disconnect and remove cables, cable splices, manhole, cable termination to the
test console, etc. as described in this SOW. Procurement of all items shall
satisfy the requirements of KSC standard specifications attached to this scope of
work. Testing shall occur at a laboratory specializing in such high current power
testing. It is the responsibility of this services contractor to subcontract the
testing services 1o a laboratory acceptable to the Government, coordinate the
testing of cable splices, provide the test results as required by KSC and
transport service items and personnel to the test laboratory and back.

ATTACHMENTS:

The following attachments are incorporated into the requirements of this statement
of work as referenced:

Scope of Work for Manhole Arc-Flash Testing Laboratory Services
Document submittal register.

Test Circuit Diagram Sketch SKE-001

Manhole Detail Sketch SKE-002

Test Table

Wire fusing current calculation (1083 deg. C)

Wire fusing current calculation (2300 deg. C}

Excerpts from KSC Power Manhole Entry Safety Requirements
KSC Standard Specification For Medium Voliage Cable and Splice
Photograph

10. Product data sheets for reference only.

@ONDO AN~

TESTING OBJECTIVE

The primary objective of this testing is to determine, if such a condition exists,
where the combination of reduced line to ground fault current level occurring at a
splice within a manhole with a 6 cycle interrupting time significantly results in a
reduced hazard to personnel who may be working within a manhole or cable
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vault located at the Kennedy Space Center (KSC). If testing indicates a current
level threshold significantly reduces risk, then KSC will pursue a project to install
neutral resistors on its Substation transformers to limit fault current accordingly.
A secondary objective is to determine, through testing, the existing hazard risk
within manholes with the present ground fault current levels and a 6-cycle
interrupting time.

HIGH CURRENT AND VOLTAGE TEST LAB SERVICES

Subcontract test lab services for the project in accordance with the Attachment 1
Statement of Work entitled “SCOPE OF WORK FOR Manhole Arc-Flash Testing
Laboratory Services.”

Testing shall occur at one of the two laboratory sites below:

a. KEMA — Powertest LLC, Chalfont, PA.

b. Kinectrics — Toronto, Canada

Provide the test lab all statement of work documents and referenced attachments.
Include in the submittals to the Government any changes or modifications to the
division of work indicated in the support service and test laboratory statements of
work.

Fully coordinate submittals, test assembly, test procedures, and safety plans with
the test laboratory during all phases of the project.

Notify the Contracting Officer 60 calendar days minimum prior to test lab testing
period. Up to three (3) Government representatives will witness the testing at the
laboratory site.

Notify the Contracting Officer 21 calendar days prior to the coordination meeting
with the testing laboratory held during the Government's inspection of the test
assembly. A Government representative will attend this meeting.

STATEMENT OF WORK-SUPPORT SERVICES
SUPPORT SERVICES

a. The Contractor will be fully responsible for coordinating with the test lab,
conduct the tests as specified herein, and provide the Government with the
test results. The Contractor shall obtain any and all Government permits
required for performing work at the laboratory site and travelling to and from
the test laboratory site.

b. Include all labor, tools, materials, equipment, tools, transportation, per-diem,
lodging, sub-contracts, and supervision to provide complete and turn-key
services as identified in this scope of work.
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Obtain a copy of the test laboratory’s safety procedures and any other
required operational or technical requirements. Provide all personal protective
equipment necessary for working with medium voltage circuits at the Test
Laboratory.

Submit all documents for the Governments review and approval as shown on
the Attachment 2 Document Submittal Register.

Fabricate test assembly including but not limited to the sectionalizer cabinet,
relay cabinet, manhole, PT cabinet, cables, and the initial faulted splice test
specimens at the Contractor’s facility.

At the Contractor's location, set up and connect everything to verify that
nothing is missing. Government shall inspect the final product before shipping
to test lab.

Coordinate a meeting at the Contractor’s test assembly demonstration site
with NASA and the testing laboratory before the test assembly is shipped to
the laboratory. Review finalized safety test procedures and safety plans for
the work at the laboratory site. Hold this meeting during the Government's
visit to inspect the test assemnbly.

Transport all materials, tools and support personnel to the test lab and set up
everything prior to testing.

Coordinate a pre-test meeting with NASA, the testing laboratory, and the
contractor at the testing laboratory after the test assembly has been received
at the laboratory to plan the sequence of testing and support requirements.

Provide all services required by the test lab during the testing. Contractor shall
adequately staff and logistically support all activities at the testing laboratory to
insure the maximum number of tests are performed.

Prepare and install test specimen splices, manikins, PPEs and instruments as
and when required by the test lab.

Prepare and provide the test results for each test. The test table attached can
be used as a base for identifying each test.

Disassemble test assembly and remove from the test laboratory site; recycle
and dispose of all materials and equipment in accordance with Governmental
regulations that is not retured to KSC.

Package and ship the following material to KSC as requested by the
Government:  protective relay and laptop computer, faulted splice sections,
personnel protective equipment, arc-flash blankets, manikins, and unused
splice kits.
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SECTIONALIZING CABINET:

a. Reference Attachments 3 and 10.

b. Provide a single phase sectionalizing cabinet to provide a dead-front interface
between test lab fault generating equipment and cable sections to be tested.

c. Provide three position 600-amp jumpers with connections as follows:

i) Incoming cables from fault generator; install SEL relay current
transformers on these cables.

i) Outgoing cables to potential transformer.
iy Outgoing cables to manhole separable connector.

d. All separable connector and components equipment shall be 15kV, 600 Amp,
dead break type and rated in accordance with IEEE 386.

e. Cut holes and provide bushings in cabinet as required for routing of cables to
test equipment and manhole.

METERING AND RELAYING

a. Reference Attachments 3 and 4.

b. Provide (1) ABB Type VIZ-11 PT or egual with integral fuse clips and
manufacturer's recommended fusing. Mount potential transformer within a wet
location sectionalizing cabinet enclosure. Mount class CC pull-out fuse block
for secondary fuse. Provide at least 2 sets of spare fuses for all types used.

¢. Ground PT and CT secondary circuits to a suitable ground at the test site
using a #10 AWG minimum copper cable.

d. Provide (1) 1200:5, C200 multi-ratioc connected 600:5 current window current
transformers and mount shorting type terminal blocks within the sectionalizing
cabinet.

e. Install a Schweitzer SEL-751A relay with current, voltage, and digital trigger
input in a wet location enclosure with swing out panel (Make all control power,
trigger, and instrument transformer connections to the meter behind the
interior door). Provide (1) laptop computer with EIA-232 port, software, and
cables for setting up and retrieving data from the relay.

f. Route #10 AWG copper conductors from CT and PT secondary circuits to SEL
relay using extra hard duty 600V power cord with the appropriate number of
conductors.

g. Route SEL relay trigger circuit using cabling as required by the test laboratory.
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a. Reference Attachments 3, 4, 8, 9, and 10.

b. Cables shall be spliced and installed using the Attachment 9 KSC standard
specification 26 05 13 00.98 and Attachment 10 data and instruction sheets.
Concentric neutrals are to be connected together between the fauit cable splice
and the fault generator to serve as a fault return path. There are five different
fault levels to be tested. Tests will be performed with and without a manikin.
Manikin will have varying levels of PPE for each test. Tests will be carried out
with or without an arc flash blanket just draped over the splices. Some tests
may have to be repeated to evaluate the consistency of results. The attached
test table shows the number of planned tests (32).

c. Fabricate and install the following test supply and instrumentation cables:

i)

vi)

vii)

One 350 kemil 15 kV concentric neutral cable and #4/0 AWG ground
(insulated or bare per test laboratory requirements) from the test
generator to the sectionalizer cabinet. Sectionalizer cabinet termination
shall be 600 Amp dead-break elbow type. Connections to laboratory fault
generator equipment shall be either live-front on dead-front as required by
the test laboratory. Coordinate required cable length and connection type
with the test laboratory. Label cables “Main-A” at each end. Provide and
pre-fabricate (2) spare “Main-A" cables for contingency use at the test
site.

One #2 AWG, 15 kV, tape shield cable and #2 AWG ground from the
sectionalizer cabinet to the PT cabinet. Sectionalizer cabinet termination
shall be 200 Amp load-break elbow type. Terminations at the potential
transformers shall be termination kits as required for the PT connections.

Two conductor, #10 AWG exira hard usage wet location cord from the
current transformers to the relay cabinet.

Three conductor, #10 AWG extra hard usage wet location cord from the
potential transformer cabinet to the relay cabinet.

SEL relay trigger circuit cable in accordance with Test Laboratory
requirements.

One 350 kemil 15 kV concentric neutral cable from the sectionalizer
cabinet to the test manhole. Label “Test-A in the manhole and at the
sectionalizer. Terminations at the sectionalizer cabinet shall be 600 Amp
dead-break elbow type. Terminations at the manhole shall be 600 Amp
dead-break separable splice type. Provide and pre-fabricate (2) spare
“Test-A" cables for contingency use at the test site.

Perform insulation resistance test on all cable sections after fabrication
and prior to test.
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d. Provide faulted test cable sections:

i)

ii)

v)

vi)

vii)

Each faulted test cable section shall consist of (1)} 2-piece of 350kcmil
cable with an overall length of approximately 10-feet. Cable pieces shall
be spliced together using faulted Raychem splice kits per Section entitled
TEST SPLICES below. Connect to cable “Test-A” in the manhole using
600 Amp dead-break separable splice connectors. Bond splice
concentric neutral grounds to faulted test cable and to the 4/C ground
within the manhole. Dead-end of cable shall be protected by heat
shrinkable Raychem single conductor live end seal type HVES-1522D or
equal. Prepare the cabie and install the end caps per manufacturer's
instructions.

Number of faulted cable sections required is available from the
Attachment 5 test table. This test table is prepared for performing the test
in all current levels with all variables recommended by KSC.

Twelve (12) test specimen cables shall be ready at site before the start of
the test. Contractor shall consult and coordinate with the test lab and
Government for selecting these specimens and the fuse wire size and
configuration required for them. The remaining test specimen cables
shall be prepared on site based on test results. Remaining test specimen
cables shall be pre-fabricated to the maximum extent possible (including
dead-break connector and end seal} without installing the conductor
faulting the core and shield conductors; any exposed insulation shall be
sealed until the splice is completed at the test laboratory. Contractor shall
have men and material to complete a minimum of eight (8) splices a day
during the test.

Two test splice specimens shall be prepared without splice cover (tubes)
to visually analyze the arc flash. The test current and the size of fault wire
will be decided during the testing.

Contractor shall also provide test current calibration specimens as
required per test lab requirement. Calibration specimen shall have an
intentional short made with thick conductor that will withstand the test
current during calibration.

Identify all pre-fabricated test splices by initially labeling in accordance
with the Attachment 5 Test Table.

After the test, Contractor shall cut selected cables from both sides of the
splice, pack it with splice tags to identify the test number, transport and
deliver it to the Contracting Officer in KSC Florida for further X-raying and
investigation.
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viii} Certain tests may be repeated for conclusive results.

e. All cables and splices shall be secured inside the manhole on cable racks
using heavy duty ty-wraps such that any movement of the test specimen
during the test shall not damage the measuring instruments.

TEST SPLICES
a. Reference Attachments 3, 4, 5, 6,7, 9, and 10.

b. Splices shall be made similar to the splices in the KSC power system using
standard KSC splice kits. See the attached specification {Attachment 9) and
splice product instruction sheets (Attachment 10).

c. Splice kits shall be Raychem HVS-1512-8-J for two tube splice and TE Energy
HVS-C-1512-S-J-NASA for three tube splice.

d. An intentional fault shall be created by a thin copper fuse wire preinstalled
inside the splice to create fault between the core conductor and shield. The
thin fuse wire shall be inserted between the core conductor connector and
the spring clamp that secures the concentric neutrals before completing the
splices. This will establish a ground fault for the test between the conductor
and shield. Two different fault connect methods will be tested:

i) “Parallel” fault wire installed from the core conductor splice location and
routed parallel along the cable and connected to the concentric neutral.

i) “Perpendicular” fault wire installed from the core conductor splice location
and routed through the splice materials and connected to the concentric
neutral. The probable best method of installation is drilling a hole and
installing the fault wire between the core conductor and concentric neutral
just prior to final tube installation.

e. The return path for the short circuit shall be arranged similar to the grounding
conditions at KSC manhole. Connect concentric neutrals using a #4 AWG
solid copper drain wire to the #4/0 test current return conductor; reference the
splice photograph in Attachment 9.

f. The fuse wire shall be selected such that the wire will mek within the first half
cycle leaving plasma for the arc to strike. The wire size for each fault shall be
selected from the attached wire fusing chart as directed by the test
laboratory. The fusing current for copper wires from #10AWG to #40AWG is
calculated and a chart is prepared using Onderdonk formula for melting
current of copper wire at 1083 deg. C and boiling current of copper at 2300
deg. C; reference Attachments 5, 6, and 7.
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g. The Contractor shall provide adequate quantities of all fuse wire sizes and
associated installation material to allow all splices completed at the test
laboratory to be fabricated from any fuse wire size.

MANHOLE

a. Reference Attachment 4. Provide and install a manhole in the test facility as
shown on the attached drawing. Manhole shall be 8ft x 8ft with 8ft head room,
minimum.

b. Manhole shall be pre-cast octagonal, square, or rectangular type. Provide a
personnel door or access hatch that opens inward, in one of the side walls for
personnel entry during the testing process. Door arrangement shall prevent
release of pressure through the door opening during cable fault testing.

c. Provide ventilation of manhole as required for confined space entries.

d. Duct openings shall be sealed after cable installation, prior to testing.

e. Install a #4/0 ground wire around the manhole and extend it to the
sectionalizing cabinet and test generator connections.

f.  Install cable racks and arms in the manhole to support the separable splices
and the Raychem splices.

g. Install a switched 120-Volt power 150 — Wait incandescent work light in the
manhole with full lamp guard. Provide extension cord assembly for power
supply.

h. Provide and install easily removable supports for the lab supplied instruments
inside the manhole in coordination with the Laboratory.

ACCESSORIES

a. Contractor shall provide and install the following accessories per test lab

directions and requirements:

i}  Two (2) Manikin(s) (constructed of fire-proof materials). One manikin
shall be dressed head to toe in current NFPA 70E Category 2 PPE
and the other in current NFPA 70E Category O PPE.

iy Arc-flash PPEs for manikins. Provide two (2} sets of Category 2 PPE
in accordance with the Attachment 8 Excerpts from KSC Power
Manhole Entry Safety Requirements. Provide (2) sets of Category 0
PPE.
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ii) Arc-flash blankets. Provide seven (7) unaltered 40KA rated blankets
adequately sized to cover over a splice in accordance with the
Attachment 8 Excerpts from KSC Power Manhole Entry Safety
Requirements.

iv) Power extension cords for SEL relay, manhole light/blower, and
tools. Portable generators and inverters if required convenience and
accessory power is not available; coordinate requirements with the
Test Laboratory.

v) 5kV DC insulation resistance tester with adjustable output.

vi) Micro-Ohmmeter utilizing 2-wire balanced test leads. Resistance of all
faulted connections shall be measured and recorded prior to testing.

1.3.8. DEMONSTRATION INSTALLATION

a.

Completely procure and install the entire test assembly at Contractor's
premises or at a site selected by the Contractor. Installation in all aspects
shall be as planned for the test laboratory site.

Government and the test lab shall inspect the site to ensure no modifications
are required prior to disassembly and shipment to the test laboratory site.
Provide 21-day notice to the Government prior to the inspection date.

Provide test voltage and current sources to demonstrate the SEL-751A relay
is operable. Demonstrate data retrieval and file storage methodology.

Hold coordination meeting with the Test Laboratory. Review the test
procedures/checklists and safety plans with the Government representative.

1.3.9. SUPPORT AT TEST LABORATORY SITE

a.

Provide work crew at the test laboratory site for a minimum duration of five (5)
test days, Monday through Friday. Unless otherwise directed by the testing
laboratory or Government representative, Contractor personnel shall be on
site 30-minutes prior to and 1-hour after the 8-hour testing period. Augment
crews as required for initial set-up of equipment and removal of equipment.
Test laboratory set-up and removal of equipment dates shall be per the test
laboratory requirements including Saturday and Sunday as required. Rotate
support personnel as required to meet any employee work week hour
restrictions.

Ship all test equipment and materials to the test laboratory on a date
acceptable to the test laboratory. All set-up shall be complete prior to the five
(5) test days.

Comply with all laboratory safety procedures; provide a written test lab site
specific safety plan for the work and brief all employees.

Transport and unload all materials and equipment at the site. Provide any
crane and fork-lift services required to set the manhole and other equipment.
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e. Set-up and connect equipment and cables; provide a checklist for the initial
set-up and each subsequent fest.

f.  Perform Insulation resistance and micro-ohmmeter check on all power circuits
as required prior to each test.

0. Remove faulted cables and install additional faulted cables for the various test

sequences.

h. Provide manikin with PPE and arc-flash blankets as required for the various
test sequences.

TEST METHODOLOGY

Tests will be performed to include the following prospective ground fault levels;
testing is indicated by priority:

a. Reduced line to ground fault current at 800, equivalent of a "minimum
sized" line to neutral resistor installed in KSC system. Recommended
resistor size is 10 ohms (800A 10 sec).

b. Reduced iine to ground fault current at 400A, equivalent of a "normally
sized" line to neutral resistor installed in KSC system. Recommended
resistor size is 20 ohms (400A 10 Sec).

c. At KSC maximum line to ground fault level of approximately 10,000 Amps
{fault in a manhole near to the substation - without any neutral resistor).

d. Line to ground fault level at half of the maximum level (5000Amps — fault
in a manhole away from the substation - no neutral resistor).

e. Line to ground fault level at one-quarter the maximum level (2500 Amps,
fault in a manhole at the farthest end of long cable - no neutral resistor).

f. Fault duration shall be 6-cycle (1 cycle relay operating time and 5 cycles
breaker operating time - 0.1 second arc duration) on the single phase.

g. Multiple tests at each fault level will be performed as shown on the attached
test table. Contractor shall provide test splices and install them along with
the instruments as directed by test [ab team.

Fault inside a spfice shall be created by deliberately shorting the test cable core
conductor to the concentric neutral using a fuse wire Copper conductor melting
current for desired time can be calculated using the Onderdonk formula for copper
melting temperature at 1083 deg. C shown below. The fuse wire shall be selected
such that the wire will melt within half cycle after applying the fault current.
Contractor shall use test lab expertise also to determine the correct size of fuse
wire for each test.
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]
A f| L34+ T 1]
M. Onderdonk equation for Ifuse = 133

Where:

A = Area of wire in circular mils

Tm = Melting temp of copper wire in deg. C

Ta = ambient temp in deg. C

“t = melting time in seconds

Ifuse = Fusing current in amps

Melting current and boiling current for various AWG copper wire are shown in the
Attachments 6 & 7 for reference.

Tests performed and test methodology will be adjusted as required due to the
results of previous tests performed.

TEST RESULTS

After testing is complete, provide all test results to Government in accordance with
Attachment 1 Scope of Work for Manhole Arc-Flash Testing Laboratory Services.
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ATTACHMENT 1
MANHOLE ARC-FLASH TESTING

LABORATORY SERVICES

SCOPE
IMPERATIVE FORM

This Scope of Work (SOW) is written in imperative form and this imperative
language is directed to the Testing laboratory, unless specifically noted otherwise.
The main contractor of this project will be referred as the Contractor in this
document. Laboratory services will be a subcontract to the main contractor.

DESCRIPTION

Provide electrical high power testing services to determine the arc flash impact
on cable splices inside a manhole/ vault to mimic the ground fault occurrences in
the 15kV power system. Develop and execute a testing plan and provide complete
test results. All tests, equipment and test criteria shall conform to IEEE standard
C37.20.7-2007 and IEEE standard 1584-2002. Testing shall occur at a Lab
specializing in such high current power testing. Testing will have to be performed at
various test current levels from 10kA to 400A at 8kV phase to ground. Test lab
services are required for at least one week to complete the tests on all specimens
at a minimum of six tests per day. The contractor will provide all support services
required to conduct the tests.

TESTING OBJECTIVE

The primary objective of this testing is to determine, if such a condition exists, where
the combination of reduced line to ground fault current level occurring on a splice
within a manhole with a 6 cycle interrupting time significantly results in a reduced
hazard to personnel working within a manhole or cable vault located at the Kennedy
Space Center (KSC). If testing indicates a current level threshold significantly
reduces risk, then KSC will pursue a project to install neutral resistors on its
Substation transformers to limit fault current accordingly. A secondary objective is
to determine, through testing, the existing hazard risk within manholes with the
present ground fault current levels at various locations in the system and a 6-cycle
interrupting time.

EQUIPMENT AND SERVICES FURNISHED BY OTHERS

Following equipment and services will be furnished by the main Contractor in
coordination with the test lab requirements.

a. The Contractor will provide and install a manhole that is similar to the standard
15kV manholes used in KSC power system as shown on Attachment 4.
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The cables and splices will be provided and installed by the Contractor according
to the requirements of the test lab procedure. The Test Laboratory shall provide
requirements of any calibration test specimens required to the Contractor.

The Contractor will install a Schweitzer Model 751A relay in the test voltage and
current circuit to capture the oscillographic information for comparison with actual
field readings obtained during cable faults. Test Laboratory shall provide a trigger
for the relay to start taking the samples at the same time the fault is triggered.
The Contractor will provide and install a laptop PC that will capture, store and
analyze all test resuits including the SEL751A relay oscillographs.

The Contractor will furnish single phase 350kemil cable with concentric neutral for
the test equipment connection. Fault return path will be through the concentric
neutral of supplying cable and an additional #4/0 cable to mimic the actual fault
condition in the field.

Cables connecting to the laboratory test source will be provided with a connection
mean as required by the test lab. The Test Laboratory shall provide the required
connection means to the Contractor.

Connecting the cables to the test equipment and installing splices on the cable
etc. will be performed by the Contractor. Concrete manhole including
installation and preparations for personnel access, test cables, etc. will be
provided by the Contractor.

Other auxiliary requirements like manikin, PPE for manikin, arc-flash blankets,
confined space entry equipment, cable terminations, Instrument transformers for
SEL relay etc. will be provided and installed in place by the Contractor.

Any auxiliary power requirements for the relays and test equipment shall be
provided by the test laboratory.

STATEMENT OF WORK

TEST LAB

a.

Fully coordinate with the Contractor during all phases of this project including pre-
and post- test laboratory operations. Provide documentation of all test lab
technical and safety requirements for performing work at the test laboratory
facility. Participate in pre-planning meetings with the Contractor and Government
prior to amrival on site and after arrival on site. Review testing methodology
proposed and Contractor provided equipment to be employed and notify the
Contractor of recommended or mandatory changes. Provide all submittal
information in Attachment 2 Document Submittal Register required by the
Contractor for submittal to NASA.
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Develop and provide to the Contractor all required test laboratory specific
submittal information.  Participate in a coordination meeting with the
Government representative and the Contractor during the Government's
inspection of the Contractor’s test assembly fabrication.

Provide all labor, tools, materials, equipment and supervision to perform the test
and analyze the test results as identified in this scope of work. Provide adequate
personnel such that data from each test can be secured while preparations for
the following test proceed to the maximum extent possible to maximize the
number of tests that can be performed.

Provide five (5) continuous lab testing days, Monday through Friday. Available
laboratory testing time per day shall be 8-hours with additional time ‘allocated for
breaks and lunch.

Test lab shall have the resources and equipment to perform arc-flash tests as
recommended by IEEE standard C37.20.7-2007 and IEEE standard 1584-2002.
Test equipment shall be sized to inject and control current from 400A to 10000A
at 8kV phase to ground on a 350kemil cable splice as shown on the test table.

The fault duration shall be controlled to 100ms (6 cycles) or as desired by the
client {up to 12 cycles).

Provide following instrumentation and meters that are required to measure and
record the resulis of arc flash test. Fire proof instrumentation cables shall be used
for these sensors and meters.

i) High speed video including any lens filters.

i) Camera and photography service for still photos. Photograph the faulted
cable sections, arc-flash blanket, and manikin before and after the test.

i) Seven (7) Calorimeters arranged as described in IEEE 1584 section
8.2.

iv) Pressure level sensors and meters - Numbers and location as
recommended by the Test Laboratory.

v) Sound level sensors and meters - Numbers and location as
recommended by the Test Laboratory.

vi)  Oscillographic recording of voltage, current, and power for the entire
duration of fault.

All sensors and meters shall have the periodically calibrated certificates per
NETA standard and shall be available at the time of test.

Locate the calorimeters per IEEE standard 1584 section 8.2,
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TEST CRITERIA

All tests shali include the following electrical characteristics. Based on initial actual
test results, criteria will be modified as necessary during the testing period.

a.

Ground fault at a cable splice from the core conductor to its concentric neutral
on a 13.8 kV 3-phase solidly grounded system; approximately 8000 V line-to
ground. Fault shall be created by a thin fuse copper wire preinstalled inside the
splice to create fault between the core conductor and shield. The fuse wire shall
be selected such that the wire wili meit within the first half cycle leaving plasma
for the arc to strike; therefore, test samples for each test current value will have
its own fuse wire size. A fuse wire melting chart is prepared using Onderdonk
melting current formula for copper wires at 1083 deg. C. Current at boiling
temperature of 2300 deg. C also is calculated and attached to this scope for
reference. Wire with ASTM Class K stranding has shown consistent results
regarding arc duration. Test lab shall use their engineering expertise to
determine the correct fuse wire size for each test and advise the Contractor
before making the splices.

Fault duration shall be 6-cycle (1 cycle relay operating time and 5 cycles breaker
operating time - 0.1 second arc duration) on the single phase.

The 15kV cables for test splices will be 350 kemil and #4/0 AWG EPR cables
with 1/3 concentric neutral per KSC specifications. Ground fault return will
be through the concentric neutral of the cable and an additional #4/0 bare
copper ground. All conductors in the return path shall be connected to the test
source neutral and grounded.

Phase current and voltage shall be measured digitally and recorded for the
period of test using a digital oscilloscope to measure and compute the arc power
and arc energy. Use RMS values to compute arc power. Calculate the arc energy
by integrating arc power over the arc duration. Use the menu driven compute
functions of the oscilloscope to compute these values.

Splice shalil be typical KSC EPR to EPR cable in-line kit type and shall satisfy
NASA requirements per specification 26 05 13.00 98 and attached drawings.

The prospective short circuit current shall be calibrated using the measured (or
calculated) impedance of the test cable along with the return path. If test voltage
is adjusted to calibrate the arc current, voltage shall not be reduced to less than
60% of the rated voltage.

The arc shall not extinguish before the set arc duration due to the reduced
voltage applied.

Test shall be considered valid in a premature arc extinguishing situation only if
the test voltage was set to the maximum, the peak current requirement is met per
IEEE Standard C37.20.7 section 5.2.2.
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For the maximum fault current test, the peak current provided by the DC
component at the instant of closing shall be 2.6 times the arcing current. For this,
X/R ratio of the test source shall not be less than 15 which will give an
asymmetrical to symmetrical RMS current ratio of 1.6. Fault initiation switch shall
be closed at voltage zero crossing instant to provide the DC offset.

For all other tests from 5000A to 400A asymmetry is not required. RMS value of
the fault current shall be as indicated in section 1.3.2.2.

The short circuit generator, the transformer with taps for voltage adjustment
and the series reactors and resistors for current adjustment shall be sized
for the maximum test MVA.

AC component of the test current shall remain constant. All voltage and current
tolerances shall be set to +5% to -0% per IEEE Standard C37.20.7 section 5.2.3.

IEEE standard C37.20.7 section 5.2.5 requires the test current and voltage for an
arcing duration of more than 50ms shall be set to +/-10% of the rated frequency
and the frequency of the waveform shall not deviate more than 8% during the
test.

Tests shall be performed to include the following prospective ground fault levels;
testing is indicated by priority:

a.

Reduced line to ground fauilt current at 800, equivalent of a "minimum
sized" line to neutral resistor installed in KSC system. Recommended resistor
size is 10 ohms (8C0A 10 sec).

Reduced line to ground fault current at 400A, equivalent of a "normally sized”
line to neutral resistor installed in KSC system. Recommended resistor size
is 20 ohms (400A 10 Sec)

At KSC maximum line to ground fault level of approximately 10,000 Amps
(fault in a manhole near to the substation - without any neutral resistor).-

Line to ground fault level at half of the maximum level (5000 Amps- fault in
a manhole away from the substation - no neutral resistor).

Line to ground fault level at one-quarter the maximum level (2500 Amps,
fault in a manhole at the farthest end of long cable - no neutral resistor).

Multiple tests at each fault level will be performed fo include but not necessarily
be limited to the following variables:

a.

No arc-flash blanket with and without manikin.
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b. Arc-flash blanket just draped over splices with and without manikin.

¢. Manikin with varying levels of PPE.
d. Fault directed at various directions with manikin in the manhole.
TEST METHODOLOGY

General test methodology shall be as follows:

a.

i-

k.

The short circuit generator shall be connected to a short circuit transformer with
several tap combinations in primary and secondary windings so that the test
voltage can be adjusted to the desired value and provide the test current to the
sample.

Calibration samples as required by the Testing Laboratory will be used to pre-
calibrate various test currents.

This calibration shall be done using a variable load (Z) at the test voltage
connected in series with the test calibration sample. Value of Z shall be
calculated and adjusted with the test sample impedance at constant voltage.

After the calibration the calibration sample will be removed from the circuit and
testing station will be connected to the test sample.

All meters and instrumentation shall be connected in place and shall be ready to
record the readings.

The short circuit initiation breaker shall be pre-set to open the circuit after the
designated time of 100ms including the breaker opening time.

Install the blankets, manikins with or without PPE etc. as required by the test
sequence.

Check all safety features, secure the test area and ascertain that there are no
safety issues for personnel.

Switch on the test circuit breaker. Pre-set fault current will flow through the circuit
for 100ms and the circuit breaker will automatically open.

Save and file data from the meters and sensors.

Repeat the test with new sample for the next fault current

TEST RESULTS

Test results shall be recorded and submitted to Government in an excel format
consisting of the following information as a minimum. Each test shall be identified by a
unique test number and the corresponding test specimen shall be tagged with the
same number. The test results not included in the excel spread sheet, such as high
speed video, still photographs, current/voltage/power osciliographic prints, SEL relay
data, and any other test values shall also be identified by the test number so that all
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results for a particular test can be related easily.

As a minimum the following information shall be included in the test result spread

sheet:

a. Test number orID

b. Applied Voltage

¢. RMS value of Injected Current

d. Peak value of Injected current

e. Size of fuse wire used for splice fault

f. Manikin {(yes/no)

g. PPE (PPE2/PPEQ/No PPE)

h. Arc flash Blanket (yes/no)

i. Settime for fault injection (100msec)

j-  Time of fault isofation (if isolation happens before 100msec)
k. Pressure meter reading

. Sound meter reading

m. Calorimeter readings (1 to 7)

n. Average calorimeter reading

o. Calculated calories (per IEEE 1584)

p. Calculated arc power in MW

g- Remarks (shall indicate damage to manikins, effect on PPEs, and any visual

results)
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ATTACHMENT 2 - DOCUMENT SUBMITTAL REGISTER.

PROJECT DESCRIPTION:
PCN NUMBER: 98954 .

MANHOLE ARC-FLASH TESTING.

ZE -

DOCUMENT/DATA

COPIES
REQ'D
WITH

QUOTE

QUANTITIES REQUIRED

FOR APPROVAL

FINAL

PRINT

EC

DATE
REQD

PRINT | EC

DATE
REQ'D

MANHOLE ARCFLASH TESTING

Detailed project schedule with the following elements,

milestones, and durations defined:

. Coordination with test laboratory

. Each set of submittais

. Material procurement

. Test assembly fabrication

. Government inspection of test assembly and TEST
LABORATORY coordination meeting

f. Travel time to test laboratory

g. Pre-test coordination and safety meeting at the test

laboratory

h. Set-up time at test laboratory

i. Laboratory test time

j. Disassembly time at test laboratory

k. Final deliverables

et op

TEST LABORATORY operational and safety
regquirements.

Detailed Bill of Materials and Equipment including
description, manufacturer, part number, and quantity
for:

a. Support contractor supplied items

b. TEST LABORATORY supplied items

Data sheets of material equipment and instruments;

a. Medium voltage cable

b. Low voltage cable

b. Medium voltage cable splice kits

¢. Medium voltage connectors

d. Sectionalizer cabinet

e. Potential transformer

f. Current transformer

g- Protective relay and auxiliary components
(computer, software, cables, etc.)

h. Manhole and modification materials (arms, racks,

holders, lighting, access, etc.)

i. Manikin

j- Arc-flash personnel protective equipment (PPE)

k. Arc-flash blankets

i. TEST LABORATORY supplied

instrumentation/video
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I COPIES | QUANTITIES REQUIRED
T REQ'D FOR APPROVAL FINAL
E DOCUMENT/DATA WITH DATE DATE
M QUOTE | PRINT | EC RE(!D PRINT | EC | REQ'D
Shop drawings showing test assembly plan views,
fabrication details, and configuration. All drawings
shall be based on the TEST LABORATORY site and
shall be coordinated with and approved by the TEST
LABORATORY:
a. Manhole including medifications required for
5 personnel access, power cable 2 1 C 2 1 D
routing/sealing/securing, and provisons for TEST
LABORATORY instrumentation/equipment,
b. Sectionalizer, PT, and relay cabinets
¢, Test power cabling
d. Schweitzer relay cabling
e. TEST LABORATORY instrumentation and
connecting eabling
Instructions, testing procedures, checklists, and forms
for recording results and identifying test data G
prepared in coordination with the TEST AND
6 | LABORATORY. 2 1 D 2 1 E
Detail and schedule of TEST LABORATORY G
7 | supplied personnel, equipment and materials at lab 2 1 D 2 1 AND
site E
8 Detail and sclnfdule of Contmctol:’s support. 2 1 D 2 1 AgD
personnel, equipment, and materials at lab site . E
Final Safety procedures including:
a. TEST LABORATORY safety procedures for
Contractor support personnel. G
9 | b, TEST LABORATORY safety procedures for 2 1 D 2 1 AND
Government witnesses. E
c. Contractor’s site specific safety plan including Job
Hazard Analysis.
10 Test result submittal including all forms and all 2 1 F 2 1 G
recorded data for each test performed.
11 | Return of all test materials to KSC 2 1 T

NOTE: 1. ALL DOCUMENTS AND DATA SUBMITTALS MUST BE REFERENCED TO THE INQUIRY OR PCN NO.,
AND ITEM DESIGNATOR.
2. PRINT - A OR C SIZE SHEFTS WITH ELECTRONIC FILES ON A CD
3. EC- ELECTRONIC COPY BY E-MAIL

DATE REQUIREMENT KEY (CALENDAR WEEKS)
A - 4 WEEKS AFTER CONTRACT AWARD

B - 2 WEEKS PRIOR TO MATERIAL PROCUREMENT

C - 2 WEEKS PRIOR TO FABRICATION OF TEST ASSEMBLY

D - 2 WEEKS PRICR TO GOVERNMENT INSEPCTION OF TEST ASSEMBLY
E - 2 WEEKS PRIOR TO TESTING AT LABORATORY

F — 2 WEEKS AFTER TESTING IS COMPLETED

G - AFTER APPROVAL AND INCORPORATION OF COMMENTS
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ATTACHMENT 3 — TEST CIRCUIT DIAGRAM SKETCH SKE-001
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ATTACHMENT 4 — MANHOLE DETAIL SKETCH SKE-002
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Attachment 5 - Test Table
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Test No. Test 350 4/0 2 Tube | 3Tube | Fabricate | Manikin | Manikin Arc-flash
Current | MCM | Cable | Splice | Splice Fully In with with Blanket
Cable Kit Kit Advance PPE 2 PPEO
1 800A X X X X
2 800A X X X
3 800A X X X
4 800A X X X X
5 800A X X X
5a Note 2 800A X X X X
6 800A X X X X
7 800A X X X
8 800A X X X X
9 800A X X X
10 800A X X X
10a Note 1 800A X X
10b Note 1 800A X X
11 400A X X X X
12 400A X X X
13 400A X X X
14 400A X X X X
15 400A X X X
16 400A X X X X
17 400A X X X
18 400A X X X X
19 400A X X X
20 400A X X X
20a Note 1 400A X X
20b Note 1 400A X X
21 10kA X X X X
22 10kA X X X X
22a Note 2 10kA X X X X
23 10kA X X X X
24 10kA X X X
24aNote 1 10kA X X
24b Note 1 10kA X X
25 SkA X X X X
26 SkA X X X X
27 SkA X X X X
28 5kA X X X
28aNote 1 SkA X X
28b Note 1 SkA X X
29 2.5kA X X X X
30 2.5kA X X X X
31 2.5kA X X X X
32 2.5kA X X X
32aNote 1 2.5kA X X
32b Note 1 2.5kA X X
Notes:

1. Provide materials to fabricate for substitute test if required.
2. Fabricate sample without insulation installed for substitute test.
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Note:

ATTACHMENT 6 - WIRE FUSING CURRENT CALCULATION
at Copper melting temperature = 1083 deg C.

7T9K39410

Fusing Current in Amperes at 1083 deg C

Wire

diameter |Areain |1/2 Cycle=|1 Cycle= |1 1/2 cycle=|2 Cycle=
SR.No. |Wire gage |ininch cmil 0.0083sec |0.0167 sec|0.0250 sec |0.0333 sec
1 10 0.1019] 10383.61| 16674.11] 11755.02| 9607.5288| 8324.527
2 12| 0.08081| 6530.256] 10486.35| 7392.738] 6042.1784| 5235.298
3 14| 0.06408| 4106.246| 6593.853| 4893.371] 3799.3415| 3291.973
4 16 0.0508| 2580.64| 4144.019] 2921.477| 2387.7604| 2068.896
5 18 0.0403| 1624.09| 2607.981| 1838.591] 1502.7039| 1302.031
6 20] 0.03196| 1021.442| 1640.242| 1156.348| 945.09805| 818.8885
7 22| 0.02535| 642.6225| 1031.93| 727.4967| 594.59227| 515.1897
8 24 0.0201 404.01] 648.7635] 457.3695] 373.8139] 323.8943
9 26| 0.01594] 254.0836]| 408.0101] 287.6416| 235.09314| 203.6985
10 28| 0.01264]| 159.7696| 256.5597| 180.8711| 147.82826| 128.0871
11 30f 0.0103 106.09] 170.3604| 120.1018| 98.16073| 85.05222
12 32| 0.00796] 63.3616} 101.7467| 71.73007| 58.625892| 50.79692
13 34 0.0063 39.69| 63.73462| 44.93205| 36.723531| 31.81942
14 36 0.005 25| 40.14526| 28.30187| 23.131476| 20.04247
15 38| 0.003965| 15.72123| 25.24531| 17.7976| 14.546205| 12.60369
16 40| 0.003146| 9.897316| 15.89321| 11.2045| 9.1575809| 7.934666

1 Fusing current-time characteristics of copper conductor is determined by I.M.onderdonk's
formula for copper conductor melting per Fink &Beaty's Standard Handbook for Electrical
Engineers Section 4.

2 RMS value of the current that will melt the AWG size of copper wire is calculated.
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Note:

ATTACHMENT 7 - WIRE FUSING CURRENT CALCULATION
at Copper boiling temperature = 2300 deg C.

79K39410

Boiling Current in Amperes at 2300 deg C

Wire
diameter |Areain 1/2 Cycle={1 Cycle= |1 1/2 cycle=|2 Cycle=
SR.No. |Wire gage |in inch cmil 0.0083sec |0.0167 sec{0.0250 sec |0.0333 sec
1 10 0.1019]| 10383.61| 19746.09] 13920.73] 11377.586| 9858.209
2 12| 0.08081| 6530.256] 12418.32| 8754.75| 7155.3681| 6199.831
3 14| 0.06408| 4106.246] 7808.682| 5505.015| 4499.3189] 3898.474
4 16{ 0.0508| 2580.64] 4907.498] 3459.72| 2827.673] 2450.062
5 18] 0.0403] 1624.09] 3088.466|) 2177.327} 1779.5568| 1541.913
6 20] 0.03196] 1021.442} 1942.434] 1369.39] 1119.2196} 969.7576
7 22] 0.02535] 642.6225| 1222.049] 861.5281| 704.13786] 610.1064
8 24] 0.0201 404.01| 768.2894| 541.6337| 442.68406| 383.5675
9 26] 0.01594| 254.0836| 483.1805| 340.6357| 278.40588| 241.2272
10 28] 0.01264| 159.7696| 303.8274| 214.1942| 175.06362| 151.6854
11 301 0.0103 106.09| 201.747| 142.2289| 116.24552| 100.7219
12 32 0.00796] 63.3616| 120.4922| 84.94536| 69.42692| 60.15556
13 34| 0.0063 39.69] 75.47686| 53.21017| 43.489345| 37.68172
14 36 0.005 25| 47.54148| 33.51611| 27.393137] 23.73502
15 38| 0.003965| 15.72123]| 29.89641| 21.07657| 17.226147| 14.92575
16 40| 0.003146| 9.897316| 18.82132| 13.26878| 10.844741| 9.396521

1 Fusing current-time characteristics of copper conductor is determined by I.M.onderdonk's
formula for copper conductor melting per Fink &Beaty's Standard Handbook for Electrical
Engineers Section 4.

2 RMS value of the current that will melt the AWG size of copper wire is calculated.
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ATTACHMENT 8 — EXCERPTS FROM KSC POWER MANHOLE ENTRY SAFETY
REQUIREMENTS
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ATTACHMENT 8

EXCERPTS FROM KSC POWER MANHOLE ENTRY SAFETY REQUIREMENTS

2.0
21

PROTECTIVE CLOTHING AND PERSONAL PROTECTIVE EQUIPMENT (PPE)

NFPA 70E Category 2 PPE is the minimum permitted for entering manholes/vaults with
energized cables; exceptions:

2.1.1 Hearing protection.

2.1.2 Face and head protection shall include a balaclava with eye-slit opening only,
appropriate eye protection, and hard hat.

2.1.2.1 Face and head protection shall not be removed while within a manhole/vault
with energized cables.

2.1.3 PPE shall be bloused tightly; no un-tucked shirts, collars and sleeves tight; use of ankle
high boots, etc.

3.0 MANHOLE ENTRY PLAN FOR ELECTRICAL WORK WITH ENERGIZED FEEDERS:

3.1
3.2

3.3

PPE shall be in accordance with Section 2.0.

Arc Suppression blanket (40KA rated) installation is required between the workers and any
energized cable splice within five (5) feet of the authorized workers for tasks including but not
limited to cable splicing, pulling eye attachment, jamb skid set-up.

3.2.1 Draping of blankets over the splices is acceptable as a minimum.
3.2.2 Splices shall not be moved to install blankets.

3.2.3 Blanket installations involving modification to or attachment to the manhole structure
shall be reviewed prior to installation to insure they do not introduce additional hazards
(such as tripping) or potentially compromise the manhole structure.

Note: Manufacturer's generally recommend and testing has shown that installing
blankets in “wall” or “J” configurations with the blanket positioned between the worker
and the energized splices is most effective.

Once the arc suppression blanket(s) is(are) installed work can be performed as follows:

3.3.1 The worker shall maintain his/her torso at a minimum of 18 inches away from the
nearest energized cable and/or splice.

3.3.2 Gloves and arc-flash face shield (if used) can be removed only for those tasks that
cannot be done with this PPE on.

NOTE: The balaclava and eye protection must be left on at alt times.
3.3.2.1 Gloves shall be worn to the maximum extent practical.
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ATTACHMENT 9 — KSC STANDARD SPECIFICATION FOR MEDIUM VOLTAGE
CABLE AND SPLICE PHOTOGRAPH
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KSC STANDARD SPECIFICATION FOR MEDIUM VOLTAGE CABLE USED FOR PCN
98860 (REVITALIZE MEDIUM VOLTAGE ELECTRICAL DISTRIBUTION
SYSTEM) IS USED IN THIS PACKAGE.

SPECIFICATION WILL BE UPDATED PER KSC COMMENTS IN THE 920%
SUBMITTAL
OTHER DIV. 1 SPECS AND COMMCN ELECTRICAL SPECS WILL BE INCLUDED
IN THE 90% SUBMITTAL.

Section 26 05 13.00 98 Page 1
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SECTION 26 05 13.00 98

MEDIUM-VOLTAGE CABLE
11/11

PART 1 GENERAL

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to
work specified in this section.

1.1 REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.

ASSQCIATICON OF EDISON ILLUMINATING COMPANIES (AEIC)

AEIC CS8 (2000) Extruded Dielectric Shielded Power
Cables Rated 5 Through 46 kV

ASTM INTERNATIONAL (ASTM)

ASTM B8 {(2011) Standard Specification for Concentric-—
Lay-Stranded Copper Conductors, Hard, Medium-—
Hard, or Soft

INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA 5-94-649 {(2004) Standard for Concentric Neutral Cables
Rated 5 Through 46 KV

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 48 {2009) Standard for Test Procedures and
Requirements for Alternating-Current Cable
Terminations Used on Shielded Cables Having
Laminated Insulation Rated 2.5 kV through 765
kV or Extruded Insulation Rated 2.5 kV
through 500 kV

IEEE 386 (2006; INT 1 2011) Standard for Separable
Insulated Connector Systems for Power
Distributicon Systems Above 600V

IEEE 400.2 (2004) Guide for Field Testing of Shielded
Power Cable Systems Using Very Low Frequency
(VLF)

IEEE 404 (2006) Standard for Extruded and Laminated

Dielectric Shielded Cable Joints Rated 2500 V
to 500,000 V

IEEE C62.11 (2005; Amd 1 2008) Standard for Metal-Oxide
Surge Arresters for Alternating Current Power
Circuits (>1kV)

Section 26 05 13.00 98 Page 2
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INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2009} Standard for Acceptance Testing
Specifications for Electrical Power Equipment
and Systems

NETA MAINT (2011) Standard for Maintenance Testing
Specifications for Electric Power
Distributicn Equipment and Systems

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANST C119.1 (2011) Electric Connectors — Sealed Insulated
Underground Connector Systems Rated 600 Volts

NEMA WC 74/ICEA 5-93-639 {2006) 5-46 kV Shielded Power Cable for Use
in the Transmissicon and Distribution of
Electric Energy
NATICNAL FIRE PROTECTION ASSOCIATICON (NFPA)

NEPA 70 {2011; Errata 2 2012) National Electrical
Code’

UNDERWRITERS LABORATORIES (UL)

UL 1072 (2006; Reprint Aug 2011) Medium-Voltage Power
Cables

1.2 DEFINITIONS

Medium voltage power cables means all cables rated above 601 to 35,000
volts.

1.3 SUBMITTALS
Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submit the following in accordance with Section 01 33 00
SUBMITTAL PROCEDURES:
SD-03 Product Data
15 kV Concentric Neutral Cable; G
Cable Tags; G
Fireproof Tape; G

S5plices {(including splice grounding and list of recommended tools
for splicing operations); G

Terminations; G

Cable end seals; G

Section 26 05 13.00 98 Page 3
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SD-06 Test Reports (Not required}

8D-07 Certificates
Factory-Conducted Tests on Each Shipping Length {(Reel) of Cable; G
Splicer/Terminator Certifications; G
List of Splices/Terminations provided by Splicer/Terminator; G
Conductor Resistance; G
High-Voltage; G
SD-08 Manufacturer's Instructions
Single Conductor 15 kV Shielded Cable; G
Terminations; G
Splices (including splice grounding); G
Cable end seals; G
4 QUALITY ASSURANCE
4.1 Qualifications

Verify personnel performing Medium Voltage (MV) splicing/terminations have 5
years minimum experience in cable splicing/terminations of the type used in
this project. 1In addition, submit splicer/terminator certifications issued
by the cable splice and termination manufacturer who has examined and tested
a test splice/termination of each type required by this contract for each
cable splicer/terminator. Ensure the certification identifies which
splices/terminations it applies to. In addition require each individual,
certified or not certified, with the required 5 years medium voltage
splicing/terminating who is to perform cable splicing/terminating, to
perform a minimum of one splice/termination of each type in the presence of
the manufacturers' representative and the Government's representative.
Contractor shall supply all materials, tools, and manufacturer's services
required for the demonstration splices and tape type terminations. Submit
each splice/termination performed by individuals without a manufacturer's
certification to the manufacturer for testing and subsequent certification.
Proof of certification will be verified by the NASA Contracting Officer’s
Technical Representative prior to installation of any splices/terminations.
Certification is not required for load break elbows and dead break
connectors.

Once a splice/termination has been started by a splicer/terminater, ensure
the same splicer/terminator completes that particular splice/termination,
and that each splice/termination is started and completed in one continucus
work period. The Contractor shall maintain and submit a list of
splices/terminaticons installed by splicer/terminator. The list shall
include the following for each splice/termination completed:

- Name of splicer/terminator.

Section 26 05 13.00 98 Page 4
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— Company name.
- Date splice/termination was performed.
Test specimen number.
1.5 DELIVERY, STORAGE, AND HANDLING
1.5.1 Shipping
Ship the cable and splices to the test facility in such a manner that the
cable, splices and terminations are protected from mechanical injury.
Hermetically seal every cable end of each length using heat-shrinkakle

molded cable end seal caps to exclude moisture and securely attached to the
reel and shown on the drawings.

Ensure the minimum diameter of the reel drum is 14 times the overall

diameter of the cable. For reels less than 60 inches in diameter, provide

arbor holes sized for 2-1/2 inches spindles; for those greater than 60

inches in diameter, provide arbor holes sized for 3 inch spindles. Ensure

reel sizes accommodate reel lengths specified in the purchase order, and

that each reel contains only one length of cable cut to order.

Provide each reel with an arrow and apprecpriate wording, stenciled in plain

view on each side, indicating proper rotation of reels. Plainly mark each

reel on each side, and attach a tag to the cable end inside the lagging,

stating the following information:

a. Purchaser's order number

b. Complete description of cable including manufacturer, cable size,
voltage rating, percent insulation rating, insulating material,
conductor size(s), vear of manufacture

c. Actual shipping cable (reel) length

d. Reel number (e.g. 2 of 10)

e. Gross weight (i.e. with reel) and net weight (i.e. cable only)

Ship reels in a vertical position, sufficiently blocked in the bed of
shipping vehicle to preclude movement.

Inform government after the cables are received from the manufacturer.
Government may verify the materials before construction.

PART 2 PRODUCTS
2.1 CONDUCTORS
2.1.1 Material

Provide annealed copper core (phase) conductor material in accordance with
ASTM BS8.

2.1.2 Stranding

Provide Class B stranded conductors.

Section 26 05 13.00 98 Page 5
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2.2 CABLE IDENTIFICATICN
Provide cables with printing on the cuter jacket showing the cable type,
name of the manufacturer, the year in which the cable was manufactured,
sequential cable reel length markings and a unique number for identification
purposes. Closely group the information on the tape at 6 foot maximum
intervals to permit complete identification.

2.3 15 KV CONCENTRIC NEUTRAL CABLE

2.3.1 General; 15 kV Cable

Provide single conductor 15 kV shielded cable assemblies consisting of:

a. Conductor core described above, an extruded semiconductor shield over
the conductors

b. 220 mils of ethylene-propylene-rubber (EPR) insulation
c. An extruded semiconductor insulatien shield, a concentric neutral
d. A polyethylene (PE) jacket.

Ensure cable is rated for minimum 194 degrees F continucus conductor
temperature and 266 degrees F emergency overlocad.

Provide single-conductor, ethylene-propylene-insulated, pelyethylene-
jacketed, shielded cable conforming to ICEA S5-94-649% and AEIC CS8.

2.3.2 15 kV Cable Conductor Shielding
Provide conductors with a stress control layer consisting of extruded
material applied between the conductor and the insulaticn teo form a
conductor shield (strand screen). Ensure material has proven long-term
chemical compatibility with both the conductor and overlying insulation
materials, and that the stress control layer meets the electrical and
physical requirements of ICEA 5-94-649.

2.3.3 Insulation; 15 kV Cable

Provide ozone regsistant insulation material, of extruded thermosetting
ethylene-propylene based polymer, capable of withstanding the continuous and
emergency overload temperature ratings of the conductor.

2.3.4 Non—-metallic Insulation Shield; 15 kV Cable (NOT USED)

2.3.5 Concentric Neutral Shield; 15 kV Cable
Provide copper wires helically applied over the insulation shield, where the
minimum total cross sectional area (of the shield wires) is 1/3 of the core
conductor for 350 kcmil cable. Minimum size of an individual shield wire is
No. 14 AWG.

2.3.6 Jacket; 15 kV Cable

Provide polyethylene jacketed cable (PE) extruded over the concentric
neutral te a minimum thickness of 80 mils.

Section 26 05 13.00 98 Page 6
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INSULATED MEDIUM VCOLTAGE CONNECTORS

Provide insulated medium voltage connectors for new and modified existing
dead-front construction pad mounted switchgear and pad mounted transformers.

Provide connectors in kit form, which are the product of a single
manufacturer, and compatible with both the cable and equipment bushing on
which the connector is applied. Connectors shall have a steel reinforced
hook-stick eye, grounding eye, test point, and arc—quenching contact
material per IEEE 386. Provide a hot line voltage indicator on each
connector installed as part of this project. Provide LED type hot line
voltage indicators which are the product of a single manufacturer, and
compatible with the connector on which the hot line voltage indicator is
applied. Provide connectors with ratings as follows:

2.5

15kV 200 Ampere Load-break Connectors: BIL impulse withstand 1.2 x 50
microsecond wave: 95kV. Short time rating: 10,000 amperes rms,
symmetrical for a time duration of 0.17 seconds and 3,500 amperes rms,
symmetrical for a time duration of 3.0 seconds.

15kV 600 Ampere Dead-break Connectors: BIL impulse withstand 1.2 x 50
microsecond wave: 95kV. Short time rating: 40,000 amperes rms,
symmetrical for a time duration of 2.0 seconds and 27,000 amperes rms,
symmetrical for a time duration of 4.0 seconds. Where piggyback mount
surge arresters are specified to be installed, provide 15kV 200 ampere
bushing.

SPLICES

Provide splices in kit form, which are the product of a single manufacturer,
compatible with the cable on which the splice is applied, and meeting the
requirements in the paragraph entitled, "Splices and Terminations,"™ of this
section. Splices shall be suitable for use in the environment in which the
splice is installed. Provide splices for use on 15kV cable as follows:

a.

2.6

15kV Cable Splices: Splices for 15kV EPR concentric neutral cable
shall be heat-shrink type specifically designed for NASA cable and
grounding provisions which include but is not limited to the following:
inner heat sgshrink stress control tube with external end sealant,
additiconal heat shrink tube over inner tube and inner tube end sealant,
heat shrink outer wraparound sleeve with heat sensitive indications on
both the tube and tail/channel area to indicate proper torch heating,
stress relief material, mastic, sealant, shielding mesh, and silicon
grease.

TERMINATIONS

Provide Class 1 terminations per IEEE 48 in kit form, which are the product
of a single manufacturer, compatible with both the cable and equipment spade
terminal on which the termination is applied, and meeting the requirements
in the paragraph entitled, "Splices and Terminations,™ of this section.
Terminations shall employ copper 2-hole long barrel irreversible compression
type lugs installed using the termination manufacturer's required tooling.
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2.7 CABLE TAGS

Provide cable tags as specified and detailed on the drawings. Provide cable
tags on each new medium voltage cable, and cable splice as part of this
project. Provide a cable tag on each individual cable in each location where
the cable is accessible (e.g. manhole, junction boxes, termination points).
Cable tags shall be polyethylene, Handwritten legends are not acceptable.

2.7.1 Polyethylene Cable Tags

Provide tags of polyethylene that have an average tensile strength of4500
pounds per sgquare inch, and are 0.035-inch thick, non—-corrosive non-
conductive. Ensure tags are resistive to acids, alkalis, organic solvents,
salt water, and are distortion resistant to300 degrees F. Provide a one-
piece nylon, self-locking tie at each end of the cable tag. Ensure ties
have a minimum loop tensile strength of 175 pounds. Provide cable tags with
black block letters, numbers, and symbols l-inch high on a yellow
background. Ensure letters, numbers, and symbols do not fall off or change
positions regardless of the cable tags orientation.

2.8 FIREPROOF TAPE

Provide fireproof tape approximately 30 mils thick by 3 inches wide,
consisting of a flexible, unsupported elastomer that expands in fire to
provide a thick char buildup between the flame and the cable. Ensure the
tape does not give off a smoke when subjected to flames or support
combustion. Also, ensure tape dcoes not deteriorate when subjected to oil,
water, gases, salt water, sewage and fungus.

2.9 FACTORY TESTING

Submit certified evidence that the cable manufacturer has made factory-
conducted tests on each shipping length (reel) of cable. Submit certified
copies of test data in accordance with applicable provisions of the
referenced standard. Include in tests on each length of cable, conductor
resistance; iconization; high voltage; partial discharge test. Contracting
Officer or designee has the option of witnessing required factory testing at
no additional cost. Provide a schedule of manufacturing and testing in
advance to permit such witnessing, if requested.

Submit certified qualification test reports in accordance with AEIC CS8 made
in accordance with the applicable referenced standards. Ensure certified
copies of test data show conformance to the requirements of referenced
standards and submit for approval prior to shipment of the cable.

Prior to manufacturing, provide data regarding degradation of proposed
insulating material and cable performance due to water immersion test as
specified in this specification to the Contracting Officer or designee.
Indicate in information AC breakdown stress in kV/mm or V/mil versus
immersion time. Ensure a complete description and condition under which
cable was tested accompanies the test information. Submit an accelerated
water absorption test.

PART 3 EXECUTION

3.1 CABLE CUTTING AND SPLICING

Section 26 05 13.00 98 Page 8
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The Government has established a mandatory inspection point prior to
Contractor performing any medium voltage cable cuts or splicing. Notify the
Contracting Officer 48 hours in advance of this mandatory inspection point.
As part of the mandatory inspection point, positively identify and label the
medium wvoltage cable and splice it as required by the scope of work. Ensure
the process of identifying and labeling the cable to be worked is witnessed

by the Government. Cable cutting and splicing of a medium voltage cable can
occur only after approval by the Contracting Officer.

3.2 INSTALLATION
Install medium-vocltage cables in accordance with NESC and NFPA 70.
Refer to contract provisions for safety submittals and requirements
assoclated with working in the vicinity of energized cables in manholes and
at equipment. The use of arc—-flash and shock prevention equipment and
persconal protective equipment is mandatory.

3.2.1 Protection During Splicing Operations
Provide blowers to force fresh air into manholes or confined areas where
free movement or circulation of air is obstructed. Ensure waterprocf
protective coverings are available on the work site to provide protection
against moisture while a splice is being made. Under n¢ conditions, make a
splice or termination with the interior of a cable exposed to moisture.
Moisture-test conductor insulation paper before the splice is made.

3.2.2 Pulling Cables in Ducts and Manholes

3.2.2.1 Pulling Procedures {(NOT USED)

3.2.3.2 Allowable Sidewall Pressure (NOT USED)

3.2.3.3 Minimum Bending Radius
Minimum bending radius during cable pulling operations is 30 inches. For
permanent cable bending/racking the minimum bending radius is 12 times cable
diameter.

3.2.3.4 Coating of Cables (NOT USED)

3.2.3.5 Pulling Speed (NOT USED)

3.2.3.6 Cable Splice Support and End Sealing

Firmly support cable splices made up in manholes on cable racks as
indicated. Do not pull ON cable splices.

Immediately seal cut ends of cables cut in the field to prevent entrance of
moisture with heat-shrinkable molded cable end caps.

3.2.4 Splices and Terminations
Field fabricate terminations from termination kits supplied by, and in

accordance with, the termination manufacturer’'s recommendations for the
type, size, and electrical characteristics of the cable specified.
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Make splices in manholes as shown on the drawings. Make cable terminations
at equipment specifically indicated. Expedite splicing and terminating of
cables to minimize exposure and cable deterioration.

Field fabricate cable splices from heat-shrinkable splicing kits supplied
by, and in accordance with, the cable manufacturer's recommendations for the
type, size, and electrical characteristics of the cable specified. Locate
cable splices in manholes midway between cable racks on walls of manholes
and supported with cable arms at approximately the same elevation as the
enclosing duct.

Use tools recommended by the splice manufacturer including calibrated
cutting equipment to ensure consistent cut depths when preparing cable ends
for the application of the splice kit. Submit a list of manufacturer's
recommended tools for splicing operations. Connect the cable concentric
neutral/shield wires across one side of the splice by split bundling the
splice neutral wiring and connecting each bundle set tc a continuous No. 4
AWG solid bare copper conductor via two compression conductors. Ensure the
No. 4 AWG conductor extrudes from the cable splice jacket and connects to
the manholes grounding system. Make all connections within the splice
utilizing long barrel-type compression connectors and appropriate
compression tools with proper size dies to ensure a satisfactory mechanical
and electrical joint. Ensure bare connections of concentric neutral/shield
wires are either contained within the splice kit or sealed via an additional
outer covering, consisting of a heavy wall, heat-shrinkable tubing
containing adhesive material {mastic) that melts as heat is applied and the
cuter tubing shrinks to form a moisture proof environmental seal. Provide
outer tubing conforming to ANSI C119.1. Ensure splice meets the
requirements of IEEE 404 for 15kV ratings, as applicable, and is rated by
the manufacturer for use on 15kV class feeder cable systems, as applicable.
Take extra precautions to seal around the exit area of the bare copper
jumpers with an additional mastic per the splice manufacturer's
recommendations.

Terminate cables in approved cable terminaticns, rated Class 1 per IEEE 48.
Dry terminations with medium voltage pennants, preformed, and hand wrapped
stress cones can be used for terminating cables. Provide terminations with
adequate means for making external connectiocns to the cable conductors of
single—conductor cables (phase and concentric neutral), protecting the cable
insulation against moisture, oil, or other contaminants. Take extra
precautions in physically protecting and supporting cables, and maintaining
the insulation level of the cable.

Include in installation built-up or prefabricated heat or cold shrink
stress-relief cones at the terminals of all shielded cables and at the
terminals of single-conductor lead-covered cables rated 15 kV and above.

Install cable splices on cable racks so as to minimize the physical stress
on the splice connections. Support splices at approximately the same
elevation as the installed cable, except where space limitations or existing
cable length limitations make this method impractical cr impossible.

Support all universal demountable splices in such manner s¢ as to minimize
physical stress on the splice connections. Support each cable end

termination using a pair of saddle type supports under the cable end
termination and/or cable with a minimum 12 inches and a maximum 30 inches

Section 26 05 13.00 98 Page 10
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separation between the supports. Secure cable end termination and cable to
the supports in such a manner as to prevent imovement of termination or cable
at the support. Install saddle type supports on galvanized steel framing
channel anchored to the wall or securely fastened to the cable tray or
installed by other approved methods.

Concentric neutral conductors of medium voltage cable systems shall be
bonded to all manhele ground systems at splice locations and to both the
equipment enclosure and its earth ground system at all terminations.

3.2.5 Fireproofing

Provide fireprocfing (Arc Proofing) for individual cable conductor in
manholes, which carry current at 2200 volts or more.

Tightly wrap strips of fireprcofing tape around zach cable spirally in half-
lapped wrapping. Extend the tape 1 inch into the ducts. To prevent
unraveling, random wrap the fireproofing tape the entire length of the
fireproofing with pressure-sensitive glass cloth tape.

3.2.6 Cable Tag Installation
Install cable tags on each cable installed as part of this project, and at
each termination. 1Install cable tags over the fireproofing and position the
tags so that they are clearly visible without disturbing any other cabling
or wiring.

3.3 FIELD TESTING
After the installation of power cables has been completed, including
splices, and terminations, the test laboratory will test the cable as
specified in the test lab scope.

3.4 ATTACHMENT
Attachment-1: Typical Splice photograph.

— End of Section
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Type SCV-D Current Transformer

600 Volt, 10 kV BIL, Indoor
Product Bulletin 1VAP428602-DB

79K39410
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Product Features

* 600 Volt Indoor

« 10 kV BIL

* 25 thtough 400 Hertz

* Pumary Amperes 50-4000

* Mecharical Rating:
180 x rated current

* 'Thetmal Rating:
80 « tated curtent, one second

¢ Continuons Current Rating Factor
Refer to Selection Guide

* UL Recognized Component,
File No. E96461

n

UL Recognized Component

PAGE 70
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Application

The SCV-D deep case cutrent transformer is used in metal clad
vacuum and SF6 switchgear (5 kV through 27 kV) as the source of
current for extended relaying and metering applications.

Construction Features

The ring-type core is insulated and toroidally wound with a fully dis-
tributed secondary winding. The protective case, made of an impact-
tesistant polycatbonate, is assembled using self-tapping screws.

Secondary Terminals

Secondary terminals are 10-32 brass terminal screws with hardware
Space is available for a maximum of five terminals to accommodate
multi-ratio designs.

Curves
Saturation, overcurrent, ratio cotrection factor, and phase-angle
curves are available upon request.

Test Reports
IEEE test repotts are stored electronically and can be e-mailed in
vatious formats at the time of shipment.

Standards
This unit meets all applicable IEEE and NEMA standards and is a
UL Recognized Component.
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Primary Continuous Current IEEE
Ampere Rating Factor Relaying

Rating 30 °C 55°C i : ; B-1.8 Accuracy  Style Number

50 20 15 12 24 - - - c10 6353C89H01

75 2.0 15 12 12 2.4 : > c20 6353C89H02
100 20 | 15 06 12 2.4 ; g c20 6353C89H03
150 2.0 15 0.6 0.6 12 24 . 50 6353CBOH04
200 20 15 03 03 0.6 12 24 50 6353C89H05
250 20 15 0.3 0.3 06 12 2.4 50 6353C89H06
300 20 15 03 03 03 06 12 C100 6353C89H07
400 2.0 15 0.3 0.3 0.3 0.6 08 C100 $353C89H08
500 20 15 03 03 03 03 06 c100 6353C89H09
600 2.0 15 0.3 03 0.3 0.3 0.6 c200 6353C89H10
800 .20 15 03 03 03 03 03 c200 6353C89H11
1000 2.0 15 0.3 0.3 0.3 0.3 0.3 C200 | 6353C89H1Z |
1200 20 15 03 03 03 03 03 Cc400 6353CB9H13
1500 2.0 15 0.3 0.3 0.3 0.3 0.3 Cca00 6353CBOH14
2000 20 15 03 03 03 03 03 C400 6353C89H15
2500 2.0 15 0.3 0.3 0.3 0.3 0.3 C400 6353C8OH16
3000 20 .| 15 03 03 03 03 03 C400 6353C88H17
4000 133 10 0.3 0.3 0.3 0.3 03 C400 6353C89H18
5000 10 075 03 03 03 03 0.3 C400 7525A37G23
6000 10 0.75 0.3 0.3 03 03 03 C400 7525A37G19
Multi-Ratio, IEEE. 5 Terminals o
600 2.0 15 0.3 03 0.3 0.3 0.6 C200 6436C46H01
1200 20 15 03 03 03 03 03 C400 6436C47HO1
2000 2.0 15 03 0.3 0.3 0.3 0.3 Cc400 6436C48HO1
3000 20 15 03 03 03 0.3 03 Cc400 8436CA9HO1
4000 1.33 10 03 0.3 0.3 03 0.3 C400 8436C50H01
5000 10 075 03 03 03 03 03 C400 7525A39G06
6000 10 0.75 0.3 0.3 0.3 03 0.3 C400 7525A39G11

Additional styles available upon request. Contact your ABB Sales Representative or call +1-252-827-3212 for more information.

AL Bk D
Ay

ABB Inc.

3022 NC 43 North

Pinetops, NC 27864

Tel: +1-252-827-3212
www.abb.com/mediumvoltage
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Product features
- 8.3 and 15 kV indoor
- 75and 110 kV BIL, 60 Hertz
Primary volts: 2400 - 14400
- UL Recognized Components, Fite No. E148620

Application

The VIZ-75 and VIZ-11 indcor voltage transformers are designed for
service in metalclad switchgear and are used for metering, relaying,
or control power. Both units are available in single, double, and
tapped secondary designs with two accuracy and thermal rating
options.

Construction features

The primary and secondary coils are wound using special winding
and shielding techniques for improved voltage stress distribution.
The coils are designed to withstand continuous operation at either
1.1 or 1.25 times the line-to-line voltage level for Z burden units and
1.9 times the line-to-ground voltage level for Y burden units.

Each cail is insulated with mylar film to provide a high dielectric
strength between layers. The coils and core are combined to create
a complete winding structure that is assembled to a support frame.
The entire assembly is vacuurn cast in polyurethane for added
insulation and protection.

Fuse classifications

These units are provided with three fuse classifications:
mounted fuse with hardware, unfused with hardware, or
unfused without hardware. Optional fuse kits are offered to
convert unfused styles to fused styles.

Mounting
The VIZ-75 and VIZ-11 can be mounted in upright, cantilever, or
upside-down positions.

Test reports
IEEE test reports are stored electronically and can be e-mailed
in various formats at the time of shipment.

Standards
These units meet all applicable |IEEE and NEMA standards and
are UL Recognized Components.

79K39410

Power and productivity “ l. I.
for a better world™ ’ ‘ .' I.
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Unit dimensions

5.00 7.25
(27 [184]
2.00
#.44 HOLE
2TOTAL —| Sy
—H—
237 r-l b
rez
e0) 1 1
- } !
4.00
[102)
A4 X244 SLOT
7.61[188) —'| M1 x82] NAMEPLATE
2-TOTA|
15.50 [304] ———n
COMPRESSION TYPE —H:l - 1 J'
TERMFOR#BTO#QWM: i =4
T Hy |
VOLTAGE RATING
DECAL BOTH
12.20
250-20 x 500 LG. BOLT 310]
FOR GROUND
[]
T8 o 5]
I."i.’l_ |
T I P |
8.44 7,69
[138] [195]
13,13 [333)
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[127]
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H2
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Il 925
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359
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i H1
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VOLTAGE RATING ) ¢
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f
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[1a8] _-I [195]
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Unfused, approximate weight 65 Ibs.

2 Types VIZ-75 and VIZ-11 indoor voltage transformers | ABB product bulletin
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. 500 | 7.25
[127] [184]
244 [11] HOLE 200
2-TOTAL 511
v o ] =
4.00
noz
— }
¥
4.00
- 4 1oz
H1 TL
7.81 A4x2.44 sLOT NAMEPLATE
[19€] [11 x62]
2.TOTAL
15.49 [394]
H1
VOLTAGE
RATING
COMPRESSION TYPE DECAL 11,25
TERM FOR #8 TO #2 WIRE BOTH [286]
SIDES
544 1, 7.60 .19
[138] [195] 3}
13.13333)
Fused {two fuses), approximate weight 69 Ibs.
13,13
[333]
3 [a—
9.00 8.00
[229) [203]
b =
10.25
[280]
12,25
[311]

Basepiate dimensions

Optional accessories

Fuse kits to convert unfused VIZ-75 or VIZ-11 to fused style:

For line-to line units:

Fuse kit (two fuses and hardware)
— For line-to ground units:

Fuse kit (one fuse and hardwars)

Replacement fuses:

— CLE-PT, 0.5, 15,5 kV: 50C5225G03
- CLE-PT, 1.0, 15.5 kV: 50C5225G08

7527A9BGO1

7527A98G02
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Selection guide for line-to-line units

Style number

Unfused with no Unfused with
Primary Secondary Winding Rated voltage provision for provision for
voltage voltage ratio factor Frequency fuse mounting Two fuses fuse mounting
VIZ-75 line-to-line
2400/4160Y 120 20:1 1.1 60 7525A66G01 7525A67G01 7525A70G01
4200/7280Y 120 35:1 1.1 60 7525A66G02 7525A67G02 7525A70G02
4800/8320Y 120 40:1 1.1 60 7525A66G03 7525AB7G03 7525A70G03
7200,7200Y 120 60:1 11 60 7525A66G04 7525AB7G04 7525A70G04
7200/7200Y 120 60:1 1.1 50 7525A67G18 7525A70G18
VIZ-11 line-to-line
7200/12470Y 120 60:1 1.1 60 7525A66G05 7525A67G05 THE25AT70G05
7620/13200Y 120 63.5:1 1.1 60 7525A66G06 7525A67G06 7525A70G06
8400/14560Y 120 70:1 1.1 60 7525AB6G07 7525A67G07 7525A70G07
12000/12000Y 120 100:1 1.1 60 7525AB6G08 7525A67G08 7525A70G08
1320013200Y 120 110:1 1.1 80 7525A66G09 7525A67G09 7525A70G09
14400 14400Y 120 120:1 1.1 BO 7525A66G10 7525A67G10 7525A70G10
11000/11000Y 10 100:1 11 &0 7525A67G11
2400/4180Y 120 201 1.1 60 7525A87G17 7525A70G17
12000.12000Y 120 100:1 1.1 50 7525AB6G13 7525A67G15 7625A70G15
14400/14400Y 120 1201 1.1 50 7525A67G34 7525A70G14
12470/12470Y 120 103.9:1 1.1 60 7525A66G15 7525AB7G38 7525A70G27
13800/13800Y 120 1151 1.1 60 7525AB7G43 7525A70G37
13800/13800Y 115 120:1 1.1 60 7525A66G11 7525AB7G58
1000010000Y i20 83.33:1 1.1 60 7525AB7(335 7525A70G28
Selection guide for line-to-ground units
Style number
Unfused with
Primary Secondary Winding Rated voltage provision for
valtage voltage ratio factor Frequency One fuse fuse mounting
viZ-75 line-to-ground
2400/4160GY 120 20:1 i1 60 7525A68G1 7525A71G01
4200/7280GY 120 35:1 1.1 50 7525A68(28
4£200/7280GY 120 35:1 1.1 60 7525AB8G02 7525A71G02
7200/7200GY 120 60:1 1.1 50 7525A68G34
4800/8320GY 120 40:1 1.1 80 7525A68G03 7525A71G03
7200/7200GY 120 60:1 1.1 60 7525A88G04 7525A71G04
VIZ-11 line-to-ground
14400/14400GY 120 120:1 1.1 50 7525A68G14 7525A71G15
14400/14400GY 120 120:1 1.4 60 T7525A88G10 7525A71G10
8400,14560QY 120 70:1 1.1 50 7525A68G15 7525A71G18
15000,15000GY 120 125:1 1.1 60 7525A68G21
4200/7280GY 120 35:1 1.1 60 7525A68G31
10000/10000GY 120 83.33:1 1.1 B0 7525A68G36
10000/10000GY 120 83.33:1 1.1 50 7525A68G37
11000/11000GY 120 91.67:1 1.1 50 7525A68G42
13800/13800GY 115 120:1 1.1 60 7525A68G44
7620/13200GY 208.75 63.5:1 1.1 60 7525AB8G50
2400/4160GY 120 20:1 1.1 80 7525A88(G55
13800/13800GY 120 115:1 1.1 60 7525A6BG61
7200/12470GY 120 80:1 1.1 60 7525A68G05 7525A71GD5
7620/13200GY 120 §3.5:1 1.1 60 7525AB8G06 7525A71G06
8400/14560GY 120 70:1 1.1 80 7525A68G07 7525A71G07
12000/12000GY 120 100:1 1.1 60 7525A68G08 7525A71G08
13200/13200GY 120 110:1 1.1 60 7525AB8G09 7525A71G09
7200/12470GY 120 60:1 11 50 7525A68G63 7525A71G12
"~ 12000/12000GY 120 100:1 1.1 50 7525AB8G17 7525A71G13

Additional st;les available upon request. Contact your ABB sules representative or call +1-252-827-3212 for more Information.
ABE product bulletin | Types VIZ-75 and VIZ-11 Indoor voltage transformers 3
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For more information please contact:

ABB Inc¢.

Medium Voltage Distribution Components
3022 NC 43 North

Pinetops, NC 27864

USA

Phone: +1 252 827 3212

Fax: +1 252 827 4286

1VAP429551-DB February 2012 Rev. B

www.abb.com/mediumvoltage

Note:

We rasarve the right to make technical changes or modify the contents of this
document without pricr notice. WVith regard to purchase orders, the agreed
particulars shall prevail. ABB does not accept any responsibility vhatsoever for
potantial errors or possible lack of information in this document. Wa reserva

all rights in this document and in the subject matter and illustrations contained
therein. Any reproduction—in whole or in parts—is forbidden without ABB's prior
written consent.

Coprright 2005 AEB,
All rights raserved.

(€]

UL Recognized Gomponent, File No. E148620

Power and productivity “ I. l.
for a better world™ "l. l.
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Deadbreak Apparatus

Connectors

79K39410

COOPER Power Systems

600 A 15/25 kV Class
Separable Splices

Electrical Apparatus

700-22

GENERAL

Cooper Power Systems 600 A,

15/25 KV Class Deadbreak Separable
Splices are used to splice two, three or
four cables or to deadend a single
cable. They are fully shielded,
submersible and meet the requirements
of |EEE Std 3868™" standard —
Separable Insulated Connector
Systems. The splices are rated for
600 A or 900 A and are suitable for
the repair or extension of underground
feeders. Installed either direct buried or
in a vault, 800 A separable splices can
be used on all 15 and 25 KV Class
power distribution systems. They are
made of high quality peroxide cured
EPDM rubber to provide excellent
electrical, thermal and mechanical
reliability. All have 5/g inch-11 UNC 2A
alurninurm threads that meet IEEE Std
386™ standard requirements for 600 A
separable connections. Optional all
copper components are also available.

The capacitive test point on the
insulating plug provides a means of
testing the circuit without disturbing
the bolted connection.

In addition to the capacitive test point
feature on the insulating plug, Ccoper
offers an optional capacitive test point
similar to the test points on Cooper
200 A Elbows. This allows the use of
the Type “TPR” Series Fault Indicators
and provides a hotstick operable means
of determining the circuit condition
when used with a high impedance
voltage sensing device designed for
test points.

Separable splices and deadends are
designed for use on solid dislectric
cable (XLPE or EPR) with extruded
semiconductive shields and concentric
neutral, with or without a jacket.
Installation on jacketed concentric
neutral cable may require additional
sealing material. Cold shrinkable
adapters are available for tape shield,
linear corrugated and drain wire cable
adaptation for use with separable
splices.

900 AMP RATING

Separable splices are rated for 900 A
continuous when used with a copper-
top compression connector {ordered
separataly), copper insulating plug,

Figure 1.

600 A 15/25 kV Class Separable Splice (3 way splice shown).

copper connecting plug, and copper
stud. If a 900 A rating is desired,
specify a "C” as the 8th digit when
determining your part number (See
Table 3, page 3.)

INSTALLATION

The T-Body splice housings are
assembled onto prepared cable with
spade lug compression connectors.
The rubber connecting plugs used to
connect the housings are tightened
using a torque wrench, 1" socket, and
a 5/1g" hex drive. Refer to Installation
instruction Sheet S600-10-2 for details.

INTERCHANGEABILITY

All Cooper 600 A Deadbreak
Connectors conform to the electrical,
mechanical and dimensional
requirements of IEEE Std 386™
standard. The connectors can be used
on any comparably rated bushing
interface that also meets the
requirements of this standard. In
addition, all cable adapters, insulating
plugs, compression connectors and
other compenent parts ars designed
to be interchangeable with those
currently available from other major
rmanufacturers.

PRODUCTION TESTS

Tests conducted in accordance with
IEEE Std 386™'standard:

® AC 60 Hz 1 Minute Withstand
- 40 kV

® Minimum Partial Discharge
Extinction Voltage
- 19 kV

® Test Point Voltage Test

Tests conducted in accordance with
Cooper Power Systems requirements:

® Physical Inspection
B Pericdic Dissection
® Periodic X-ray Analysis

TABLE 1
Voltage Ratings and Characteristics
Description kV
Standard Voltage Class 25
Maxdmum Rating Phase-to-Ground 15.2
AC 80 Hz 1 Minute Withstand 40
DC 15 Minute Withstand 78

BIL and Full Wave Crest 125
Minimum Partial Discharge Extinction

Voltage 18

‘oltage ratings and characteristics are in accordance
with [EEE Std 386™'standard.

February 2010 = Supersedes 6/02
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CONNECTING PLUG
Molded peroxide cured EPDM rub-
ber connecting plug carries current
between cables.

OVERALL

INSULATING PLUG

Molded epoxy insulating plug

provides excelflent electrical,
thermal and mechanical
reliability.

—

LENGTH

O

INSULATING

PLUG CAP
Semi-conducting rubber
cap fits over insulating plug
test point for waterproof
seal and deadfront

12.5" shielding
(318 mm)

T-BODY
N{Ijolded T-Elclndy -
adapts to
cable sizes and O
provides

a deadfront
shislded
connection.

5

O

= I

-
.

Ly
MOLDED SEMI- )

CONDUCTING INSERT g
Provides corona-free |
electrostatic shielding of
the compression 3
cornnector i

|1
1" HEX HEAD1
On insulating plug allows
cirouit testing without disturbing
the connection, The 1" hex
head is also used to tighten the
connection.

EPDM INSULATION
High quality peroxide
cured EPDM insulation

is mixed and formulated
in-house for complete
control of raw rubber
characteristics.

IT]
L

COMPRESSION
CONNECTOR

Aluminum compression
connectors are sized lo

Figure 2.

o) ensure a cool running
connection with
maximurm current
transfer.

SEMI-CONDUCTING SHIELD i
Precision molded peroxide cured
semi-conducting shield provides
complete shielding, maintaining

CAPACITIVE TEST
POINT

O Optionaf capacitive

test point on molded
T-Body with snap-on
cap provides a shielded hotstick
operable means to determine
circuit condition when used with
high impedance voltage sensing
devices, and a place to mount
TPR Series Fault Indicators.

DRAIN WIRE TAB

Provides a convenient point to
| connect drain wire to ensure

' grounding of the connector
splice shield.

ground potential at outer surface of
splice. Meets all requirements of
IEEE Std 582" standard. i

lllustration shows design characteristics and 2-way splice connection.

f-— CABLE ADAPTERS
Molded cable adapters, sized to fit
cable insulation diameters from 0.640"
to 1 965" (16.3 to 49.9 mm),
p;%\iride stress relief for the terminated
cable.

Note: Dimensicne given are for reference only.

TABLE 2 - -
Current Ratings and Characteristics Sdop —»f | le—52 Sslp_—|¢ s4>|
Description Amperes ‘
Cortinuous 600 A rms i
24 Hour {000 Arms ("""t " """
Overload T
Short Time 40,000 A ms symmetrical ey
for 017 5 (\
27,000 A ms symmetrical |
for4.0s I
" i |
\%m rEatnSrt1 ssgggug{'l;maragtmec:lstlcs are in accordance 15/25 KV 4_ 35
Overall Length Deadend 11.24" (285 mm)
Overall Length 2-Way Splice | 19.97" (507 mm) }]
Overall Length 3-Way Splice | 28.70" (729 mm)
Overall Length 4-Way Splice [ 37.43" (851 mm)
S2 0.50" (12 mm) 3 ; )
S3cp 8.23" (209 mm) |
Sap 3,87° (98 mm) ?
S4 1,50" (38 mm) |
S5 2.40" (61 mm) .
Figure 3.
Separable Splice stacking dimensions.
2
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ORDERING INFORMATION

To order a Gooper 600 A, 15/25 kV
Deadend or Separable Splice kit, spec-
ify separate catalog numbers for:

Components included in separable
splice kits and components that must
be ordered separately are indicated in
Table 5.

Each kit contains:

Example:

For a 3-Way cable splice without
capacitive test points, with aluminum
components for three different size ca-
bles, specify SSPLE25A3 for the basic

B Basic Kit Ki N
. o : it, three additional catalog numbers
m Each Compression Connector = Silicone Lubricant for the th onl
® |nstallation | tion Sh or the three compression connectors,
= Each Cable Adapter IEiaton ipsihelenshoat three catalog numbers for the three
" C%ne 5/ 156 Hex Drive HD625 cable adapters, and the number for
(Figure 5) the 5/16" Hex Drive, or a total of eight
catalog numbers.
TABLE 3
Separable Splice Kits
Description Catalog No. Description Catalog No.
Deadend Kit 3-Way Splice Kit
Aluminum Components without Test Point SSPL625A1 Aluminum Components without Test Point SSPLE25A3
Copper Components without Test Point S8PLB25CA Copper Components without Test Point SSPLB25C3
Aluminum Components with Test Point SSPLG25ATT Aluminum Components with Test Point SSPLB25A3T
Copper Components with Test Point SSPLE25C1T Copper Components with Test Point SSPLB25C3T
2-Way Splice Kit 4-Way Splice Kit
Aluminum Components without Test Point S8PL625A2 Aluminum Components without Test Point SSPLE25A4
Copper Components without Test Point S8PL625C2 Copper Components without Test Point SSPLE25C4
Aluminum Comiponents with Test Point SSPLE25A2T Aluminum Components with Test Paoint SSPLE25A4T
Copper Components with Test Point SSPLB25C2T Copper Components with Test Point SSPLB25CAT
Note: Studs are bagged and loose in kit. To have studs permanently installed at the factory, add a “P* at the end of the part number.
TABLE 4 X .
Separable Splice Kits
, ) . Order Separately:
Each Splice Kit Contains:
See Table 6 See Table 7
Assembly et 0
R | B -
; Insulatin: Connecting .
Insulating : Cable Compression
T-Bod ; Plug with Cap Plug
Y Plug with Cap and Stud with Stud Adapter Connector
1 1 1 - 1 1
Deadend
2 1 1 1 2 2
3 1 1 2 3 3
4 1 1 3 4 4
4-Way Splice
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CONGCENTRIC DIAMETER
OUTER JACKET ~ NEUTRAL OVER
(OPTIONAL) INsuLaTion  INSULATION
SHIELD CONDUCTOR
[}
| |
INSULATION CONDUCTOR
SHIELD
Figure 4.
Cable cutaway showing conducteor and insulation layers.
ORDERING INFORMATION TABLE 5
Cable Adapter
Cable Adapter Cable Diameter Range
To order cable adapters, refer to Inches mm Cod
Table 6. These cable adapters are for e
use on the BOL-T, FOP il, BT-TAR, 0.610-0.970 16.5-24.6 AB
Separable Splices and PUSH-OP 0.750-1.080 19.1-27.4 cC
Connection Systems. 0.970-1.310 24.6-33.3 DD
Determine the cable diameter over the 1.000-1.470 27.7.97.3 EE
high-voltage insulation and specify the
catalog number using Table 5.~ - 1.260-1.640 82.0-41.7 FF
Minimum and maximum cable 1.360-1.710 34.5-43.4 GG
insulation diameter must fall within the 1 5101.850 28,447 0 aH
range of the appropriate cable adapter
as AFEIC cable diameter can vary 1.700-1.970 43.2-50.0 W
+ 0.030".

Example: To order a cable adapter
of 1.200 inches, determine the cable
diameter range as follows:

1.200 - 0.030=1.170 minimum
diameter

1.200 + 0.030=1.230 maximum
diameter

Therefore, specify CAG25EE.

Figure 5.
HD625 Hex Drive.
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ORDERING INFORMATION
Compression Connectors

TABLE 6
Replacement Parts
Conductor Size Catalog Number
Concentric or
Compressed Compact or Solid 1545 in. ~9 1446 in. g in.
AWG or AWG or Threaded Unthreaded | Unthreaded
mm2 KCMIL mm? KGMIL Coppertop Aluminum Coppertop
- 2 - 1 CCBCI1T CCsA11U CCsC11U
- 1 - 1/0 CCBC12T CCsA12U cceci2u
80 1/0 70 2/0 GCBC13T CCs8A13U CCec13u
70 2/0 - 3/0 cCec14T CCeA14U CCeC14U
- 3/0 95 4/0 CCBC18T CCB8A15U CcCeC15U
95 4/C 120 250 CCBC168T CCBA16U CCeC1eU
120 250 - 300 CCBCA7TT CCBA17U CCeC17U
- 300 - 350 CCeC18T CCBA18U cCeC18U
- 350 185 400 Ccec19T CCesA19U CCBC19U
185 400 - 450 CCsC20T CCBAZ0U CCsC20U
- 450 240 5008 cesC21T CCeA21U cGeC21u
240 500 300 600 ccecz2T CCBAZZU CcCceCc22u
300 800 - 700 CCecz23T CCBA23U CCeC23u
- B850p - 780 CCaCz4T CCBA24U CCeC241
- 7504 - 900 CCBC25T CCaA25U CCeC25U
- 900 500 1000 CCBC268T CCeA26U CCeCzeU
500 1000 - CCBC27T CCeA27U CCeC27U
a. Also accepts 550 kemil compact conductor.
b. Also accepts 700 kemil compressed conductor.
€. Also accepts 800 kemil compact conductor.
d. Also accepts 700 kemil concentric conductor,

TABLE 7
Replacement Parts

Description

Catalog Number

T-Body without Test Pgint

T-Body with Test Point

Insulated Plug Cap

Aluminum Insulating Plug with Cap, No Stud
Copper Insulating Plug with Cap, No Stud

Aluminum Connecting Plug, No Stud
Copper Connecting Plug, No Stud

Copper Gonnecting Plug, With Copper Stud*
S/gin. - 11 UNC 2A Aluminum Threaded Stud
3/g in. - 11 UNC 2A Copper Threadead Stud
8/45 in. Hex Shaft with 3/g in, Socket Drive Tool

Aluminum Connecting Plug, With Aluminum Stud*

Alurminum Insulating Plug with Cap and Aluminum Stud*
Copper Insulating Plug with Cap and Copper Stud*

DT625

HD625

DT625T
DIPCAP
DIPB25A
DIP625C
DIP625AS
DIP§25CS
DCP&25A
DCP625C
DCP825AS
DCP825CS
STUD-A
STUD-C

* Studs are bagged and loose in kit. To have studs permanently installed at the factory, add a “P” at

the end of the part number.

ACCESSORIES

See Catalog Section 600-46 for
further information on Replacement
Parts and Accessories.
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© 2010 Cooper Industries. All Rights Reserved,

Cooper Power Systems, BOL-T, BT-TAP, PUSH-OP, and T-OP are valuable
trademarks of Cooper Industries in the U.S. and other countries. You are
not permitted to use the Cooper Trademarks without the prior written con-
sent of Cooper Industries.

IEEE Std 386™ and IEEE Std 502™ standards are trademarks of Institute of
Electrical and Electronics Engineers, Inc. This publication/product is not
endorsed or approved by the |EEE.
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DIVISION 16 - ELECTRICAL

SPECIFICATION # 79K38549
SECTION 16124

MEDIUM VOLTAGE CABLE
2.3 -- SINGLE CONDUCTOR 15KV SHIELDED CABLE
SD-03 PRODUCT DATA

ALSO COVERS

DIVISION 16 - ELECTRICAL
SPECIFICATION # 79K38609
SECTION 26 05 13.00 93

MEDIUM VOLTAGE CABLE
2.3 - SINGLE CONDUCTOR 15KV SHIELDED CABLE
SD-03 PRODUCT DATA

GENERAL CABLE
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< General Cable BIGL.

Drawing / Data Sheet aganpm

Single Conductor EmPowr® Fill Concentric Neutral (Round Wire) Power Cable 15kV

Repregentative drawing not to scale

_ ; e Tuiekness (laches) | Dimeter {mckes)
Compuncat Deseriptis St e, boNeme | Max | M § Nem® | Ma

A Cundﬁctnr

4/0 AWG Class B Compre.»ed Strand CU Conductor - N - [ 0592 [ ez | o522

B: Conductor Shield
ISemicunductiug Themnoset Falymer i e - B — -
: Insulation Insulation Level
Ig thylear Propylene Rubber 133%4 0.210 0.220 0.250 | 0.955 | 0.988 1.045
: Insulation Shield
Semiconducting Thermoset Polymer 0.030 0.035 0.060 | 1015 1.058 1.145
E: Concentric Neutral / Metallic Shield . _ _ _ 1,250
20 x 10 AW( Bare Copper Round Wire ' B
0 bl 0080 | 0091 | 0.000 1432
Extruded-To-Fill Linear Low Density Polyethylene ' ' i B : -

ISingIe Conductor Finished Cable Nominal Weight: 1897 Ib/kft *

* . Nominal Values are Subject to Manufacturing Toletances; Bold Font Indicates Minimum Average Values

CED #1111 [Custormer PAN:. . EAPC Ngwher?.
882466 Rev. 0
56067 | SECTION 16124 Date: 05/01/09 Pregared By - . |Pawr
. WYQUNAN 12212010

is docurnent was prepared for a specific purpose and the recipient, by aecepting this information, assumes custady and canirel and agrees to take reasonable precautions that (a) this
locument i ill nat be copied or reproduced, in whole or in part, or its conitents revealed in any manner fo sny person, except to rmest the specific purpose for whick the document was
ivered, and (b) that any features of this document will not be incorparated into any other projects without the express written permission of an cfficer of General Cable Corporation. This
information hag been calculated based on knov. n formulse. The values are believed to be accurate and concise. Although they are mathematically desived, nonmel dimensiona! tolerances in
al cabls construction énd variations in the installation conditions may lead to differences between the indicated valuss and actusl measured valuss,

Utility Engineering Cantsr Document No: MVLIG Datasheets (8.8.10)
Tal: §58-672-8000 www.genaraicable.com

PAGE 84



<~ General Cable BI

Electrical Characteristics

Single Conductor EmPewr® Fil Concentric Neutral (Rotmd Wire) Power Ceble 15kV

Cablé Da‘sulpﬂnn* 4/0 AWG Cu, 0.220" EPR, 20 / 10 AWG Cu, LLDPE
Elecirlen! Charneteristics Based on
Nortal Operating Temperntare: ws € Dissipation Factor: 0345 %
i iR Constant @ 60°F: 20000 Veltuge (Hne to ground): 8.66 kV
Dielectric Consiant: 245 Condoctor Center to Center Spacing (S): 1432 In y
§ 1 .k erth ; LHoRE .\n‘:::::ml
-y - PR Rbe@ 25°C: 0.0510 Q/kn 01672 0m
Conductar Reststanicn:. Hae (i 25°C: 0.0812 ok 01680 Piim
= A Rec & 105°C: 0.0672 QA 02304 Gkm
y e Rac@ 28°C: 0.054 Q&N 0.177 Dkm
. Shield Reststamee . | Rue @ 100°C: 0070 Q% 0228 pim
Capachunce: 0070 uFkR 0231 pt s
= Shupt Caputitive Shant Capasithve Reactance: 37655 0k 11477 nd
Reactamce/Susceptanee’ , Sheat Capacitive Suscaptance: 26.56 pSsn B0 uShm
Lo {Q_m Cwrentr 230.0 mAKR 7546 mA%m)
[ Inductive Reactance: 0.025 kN 0.0.3 Dim
A e Reat Imag, _impedanes Real Invag, Impeidancy
* Reactamet/Imypedance: Pos. & Neg. Seq. Impedlance (Met. Shield): 0.067 0.025 0072 R .20 0082 0.235 2%m
i ! Zero Sey, Impedance (Kartl & Met. Shleld): 0259 0075 0269 04 0,849 0247 0.884 Skm
Inductive Reactznce: 0.046 xR 0.15! DAm
3-Phise i Real Imag, impedance Real 3 impedancs
o - o, & Neg. $8q, Impedance (Met. Skield); 0,073 0.034 0.055 O&i 0.239 0147 0280 (Vkm
RexvteucoTmpedance; Zoro Seq. lnpedence (arih & Met. Shield): 0.136 04032 0.139 QAN 0.445 0.104 0457 S km
Zern Seq. Impedance (Karth Ouiy): 0.121 0.740 0.750 okh 0.398 2437 2460 SVkm
Zere Seq. Impedance {(Met, Shield Only); 0,137 0.025 8139 nan 0.449 0072 0.456 [i/km
Mecm&.bwes H 6.83 Wi 2243 Whm
“PerPhug;, :
. Instintion Average: 3936 Wmil 129.15 kV/mn
ld:ﬁmrlFsm: C Shield - Interfuce Maximuo: 5359 Vimi 17522 kVimm
[ I Insulatfon - inauintiun Shleld Interface Minlmym: 29,72 Vémil 97,52 kVimn'
A4 LrT s E _- = i e
1mm. mw : 511953 MOKR 1560.36 MQ-km
oy TEDAIT CREARENG L CIGASCmamban L
riomndes g ) : 852406 Rev. 0
B SECTION (6122 Daic U500 Paderd¥a o (b
Ao Spraaaies Sl R YUUNXN ] 12622010
This docoenent +.48 prepnrcd{ora:pecdk and the recipient, by sccopting this n(ormstion, assumes cusiody and control and agrees 10 take b fong that (a} Lhis wﬂlnalbemr'ud or

repraguced, in v -#ole ar in part, o uwnmm re~ zaled m any manoo; o eny person, except 1o meet ik specific purpose for which the document was duﬂurcd. andl {b) that ety faatures ol this documem will not be
incomrated inlo any nLaer projects withous the expre s wrillen permiesion of am office ol General Cabls Corporation. This infiormet ion has been calouiated bared o koo brmuise, The vahes are belieyved o b acoorage
and voncise. Althongh they ¢ natheomlically derived, norral dimensional tolerances i 2ciual Lable coustruction ond * arlations in thy instollstion conditions may kend to diflerences between the dicated + 2lnes and actuzl
roensurat-values,
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 General Cable BIGG.

Drawing / Data Sheet BRANS

Single Conductor EmPowr® Fill Concentric Neutral (Round Wire) Power Cable 15kV

ReEmsentaﬁve dnwigﬁ not to scale

. . IR AT “Thidkness Gincheny “DEmeter (uches)
Componeat Deseviptlon A E Min . Nom.d Mas. | M !'Now* |  Max

A: Conductor = 0648 | 0 §
350 kemil Clags B Compressed Strand (C1J Conductor - B i 9] it
B: Conductor Shield :

Semiconducting Thermoset Polymer . Eone 0028 - - B B
C: Insulation Insulation Level
“Ethylene Propylens Rubber 133% 0,210 0.220 0.250 L11s | L147 1.200
D: Insulation Shieid
[Semlconductmg ™ Pol 0.040 0.045' 0.075 1.195 1.237 1.320
[E: Concentric Neutral / Metallic Shield _ __ _ 1387

18 x 12 AWG Bare Copper Round Wire ~ : B
F: Jacket

Extruded-To-Fill Linear Low Density Polyethylene E30 0.091 0,000 - 1.569 -

Single Conductor Finished Cable Nominal Weight: 2160 1b/kft *

- Nominal Values are Subject to Manufacturing Tolerances; Bold Font Indicates Minimum Average Values

"CED# 1111
207432 Rev.0_

TR
| 1212‘2010

Sodication’ ~ SECTION 16124 Date: 05/01/09

his docurnent was prepared for & specific purpose and the recipient, by accepting this infonmation, assumes custody and conhul and agrees bo take reasonable precaations that () thie
ument will ot ba copied or reproduced, in whele ar in past, or its contents revealed in any manner to any person, except to meet the specific purpose for which the document was

actual cable construction and variations in the instailation conditions may lead to differences betv-esn the indicaied values and actual measured yslyee,
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< General Cable BIGG

Electrical Characteristics

Stngle Conductor EmPowr® Fill Concentric Neutral (Round Wire) Power Cable 15kV

Cably Desriiphion: 350 kemil Cn,0.220" EPR, 18/ 12 AWG Cu, LLDPE
Electrien! Churacterlsticy Based on
A Normal Operating Temperature: 105 °C Dissipativa Factor: 0345 s
Topuit Pay mmcters: IR Constani & 6°F: 20000 Voltage (line to ground); BAE KV
Dielectric Constant: 2.45 Condector Center ta Center Spacing (S): 1589 @ i
i Earth Hesbotivity: 100 Dm .
Ric@ 24°C: 0.0308 D% 0.101] DEm
Condunctir Regivtomneee Rac @ 25°C: 00312 O/kA 0.1024 prkm
Rat @& 105°C; 00411 Q%N 0,148 Qi
I
R ] Hae§ 25°C: 0.095 QKA 0313 Qi
hiield Resbmancy Ric G 100°C: 123k 0403 N
Capericance: 0.086 pF/ki 0262 yFkm
Shant Cepacitivg Stunt Capucltive Reaetance: 30913 fukil 2422 Qb
Resctance/Sosceptante. Shuat Capacltive Susceptance: 32.35 pSAA .86 pSkm
Charguag Corrent 280.1 mu kil 19,0 mhken
Inductive Reactance: 0.022 o/ki 0.072 Qtm
1-Phase Real Imng, _Impednnce Real Imag mpedance
Recrunce lmpedance, Pos. 4 Neg. Seq, Inpedsnce (Met. Shietd): 0.031 0.023 0047 Q& TEA 00?2 0.153
£era Seq. Impedence (Enrih & Met. ShkM)y: 0332 0.160 0.368 Q%A 1.~ 0,52+ 1208 Qfm
Lnduoctive Reuctance: 0,042 k0 {1137 Dam
1. Phaks Real Imag. _Impedance Real Imag lmpadance
=1 el Fos, & Neg. Seq, lvipedsncs {McL Shield):  0.044 0041 0.061 QUi 0.143 0.1 0.199 i
|BesrtanreImprdance Zero Soq, impedunee (Earth & Met, Shicldls 0.159 0.042 0164 Uk 0523 0,133 0,540 Vi
Zero Seq. Impetlance (Rarth Only):  0.095 0.729 0.736 ki 0313 2,393 2413 (km
Zero Seq. Impedunes {Met, Shteld Only): 0,164 0.022 0.165 QR 0538 &.072 0,543 Dekm
1
uidmﬁr lsHHs 833 WAL 22.92 Wam
A Per Phase)
5 - Josulation Average; 3236 V/mil 129,15 k¥Anm
Elvetilval Stivis: ‘Conductor Shisld - Inmintion Interfuce Maxl 5059 V/mil 166,00 kémm
Insuiation ~ lusuiation Shisld Interface Minimwm: 34,19 Vimil 102.32 k¥/mm
| nsilsion Resistance. 470258 MQkf, 126M.98 MO-&km
"CED # 3111 Fw,umrgg, it
i Sonm , SECTION 16134 Datc: 0501909 |prmm“ o
el abllipbelli ) W1 QUNXN _
Tﬁisdnmnnmmprepmdlhrupo:iﬁu, posc and the recipiend, by sceopling this information, ae.mes cusiody and. cordrol end sgrees to teke rcasonable precamtions {hat (¢) this dotamtnt will not b cupicd or
reprodiuced, i whole ¢r it parl. ar iis coplems reseaind in an; manner io any peteon, < -Cepl to woet the specific purpose for which the document was delitred, end (b) that any fs.1tuics ofthis document will nol be
wcorperated imo any other projects withoul the express wrilien permairslon of m officer of Gencral Cable Cotporation. This information hes boem cakmlated bared on lmown fomeuine. The alnes are believed o e secmeay
and concige A laough they sve imatheniatically derived, notra! dirmenslonal toletwnees in actual cable con-traction and varialions in the msiallation conditions may lod Lo cifferences betweoen the indleated vahes and actusl
zasured valugs
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 General Cable BIGG.

Drawing / Data Sheet FPRANY

Si_ngle Conductor EmPowr® Fill Concentric Neutral (Round Wire) Power Cable 15kV

r P R s ALY 1SV ey ey - r’

s i abtne e T NV B ST

Representative drawing not o scale

; - ] wre ~ Thickness (inchesy | Diaweter finches)
Compouent Dcseription p IS £ 15 Min, ! Nem* L Max. | Min | Nam* | M

- = - 0.502 | 0.512 0.522

A: Condctor
4/0 AWG Class B Comprsssed Strand CU Conductor
B: Conductor Shield

.012 X -- = -
Semiconducting Thermoset Polymer Gl 0.018 0.548
C: Insulation Insulation Level
Ftltylesso Propylene Rubber 133% 0.210 0.220 0.250 0.955 0.988 1.045

D: Insulation Shield
Semitonducting Thermoset Polymer
[E: Concentric Neutral / Metallic Shield

0.030 0.035 0.060 1.015 | 1058 1.145

20 x 10 AWG Bare Copper Round Wire . . . - 1250 -
F: Jacket

Extruded-To-Fill Linear Low Density Polyethylene 0.080 | 0091 [ 0000 | - | 1432 -
G: Conduit — " - - .

2.00" HDPE Conduit =

Single Conductor Finished Cable Nominal Weight: 1897 Ibikift *

* - Nominal Values are Subject to Manufacturing Tolerances; Bold Font Indicates Minimum Average Values

" CED #1111 Clstomier FiN1 CNamer
14 88466 Rev O

" SECTION 260313.0098 Date: 05/01/09 Prépcd By L. THET T R
4 WYQUNXN 33072010

This document was prepared for a gpecific purpoge and the recipient, by accepting this information, assumes custody and control snd agrees io teke reasonahle precautions that (a) this
tocuinent will not be capied or reproduced, in whole or in part, or its contents revealed in any mamer to any person, except to meet the apecific putpose for which the documert wag delivered,
land (b) that any features of this document will not b incarparstad into any other projects without the exprips written permission of an officer 0f General Cable Corpotation. This information
been saleylated based on known formmulae. The values are believed to be accurate and concise. Althaugh they are mathematically derived, normal dimensional tolemnces in actual cable
truetion and veristions in the ingtallation conditions mey lead to differences between the indicated valoes and actual measyred values.
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World Wide | Newsroom | Litersturs | Contact Us | Find A Sales Office | Sales Tools
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Home Markets About Us Products Excelerate Search
- Proaduct Search .
Home > Froduet Catalog > Accessories > CONCEPT '™ Accesconies > CONCEPY  Accessories
¥ Wiew BOM
bbb . CONCEPT™ Swing-Out Panels
* New Products *, Panels swing clear from the front of the enciosure 10 provide access 10 mountad intemal equipmant, For
e [ : CSPB paneis, swing is 94 degrees. For CSP panats, maximum panel swing Is 106 degrees.
; Distance from panel surfgce to door when in the lakthed position is 1,71 In. (43 mm) for solid doors and
+ Btninfess Steel LE " 1.48 in. {37 mm) for window doors. Kits include panel, brackets and hartwane to mount i the front
CSP panek flange. Pane! I painted white,
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+ Digconnect
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» Technical Information 2] More Info
2 Add To BOM
Additionat Resources 320 cAD Drawdng
3130 STEP Drawing
* Technical Resources gsm Sheet
» Materiel Safety Data Sheets 3 Inetruction
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¥ Product Setection 10ols 'ﬁ Mote (nfo
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4 20 GAD Drawing
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21 Spec Sheet
Hinatruction
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Hinetruction
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3130 STEP Drawing
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B insiruction
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i more Info
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%20 CAD Drawing
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2 pec Snaet

http://www.hoffmanonline.com/product_catalog/product_detail.aspx?cat_1=34&cat 2=2... 10/30/2012
PAGE 89



20.00%24.00 508x 610

Ar¥2x21.75 450x 553

Hoffman: Product Catalog : Accessories : CONCEPT<sup>™</sup> Swing-Out Panels

79K39410

Page 2 of 5

H more info

&) Add To BOM

3 20 CAD Drawing
B 30 5TEP Drawing
B 3pec Shast
Bentraton
CeFB2430

) More ¥rdo

=) Add Yo BOM

3 30 CAD Drrwing
3] 30 STEP Drawing
3 Spec Shoet
ﬁlnimdﬂn
CSPB320

# More Info

4] Add To BOM
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3130 57EP Drawing

3 Spac Shont
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20 CAD Drawing
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32D CAD Drawing
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32D GAD Drawing
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CSP Panels
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General Instructions

Suggested Installation Equipment (not supplied with kit)

+ Cable preparation tools

» Tyco Electronics P63 cable
preparation kit or cable manufacturer
approved solvent

+ Electrician's tape

¢ Clean, lint-free cloths
s Non-conducting abrasive ¢cloth, 120

grit or finer

» Connector(s) and installation tools
» Tyco Electronics recommended torch

Recommended Tyco Electronlcs Torches

Install heat-shrinkable cable accessories
with a *clean buming" torch, i.e., &
propane torch that does not deposit
conductive contaminants on the product.

Clean buming torches include the Tyco
Electronics FH-2622 (uses refilllable
propane cylinders) and FH-2616A1
(uses disposable cylinder).

Safety Instructions

Warning: When installing electrical
power system accessories, failure to
follow applicable personal safety
requirements and written installation
instructions could result in fire or
explosion and serious or fatal injuries.

To avoid rigk of accidental fire or
explosion when using gas torches,
always check all connections for leaks
before igniting the torch and follow the
torch manufacturer's safety instructions.

To minimize any effect of fumes
produced during installation, always
provide good ventilations of confined

work spaces.

As Tyeo Electronics has no conirof
over field conditions which influence
produet installation, it Is understood
that the user must lake this into
account and apply his own experience
and expertise when installing product.

Adjusting the Torch

Adjust reguiator and torch as required to
provide an overall 12- inch bushy flame,
The FH-2629 will be all blue, the other

torches will have a 3- to 4-inch yellow
tip. Use the yellow tip for shrinking.

Regulator Pressure
FH-2616A1 Full pressure
FH-2629 15 psig

Cleaning the Cable

Use an approved solvent, such as the
one supplied in the P83 Cable Prep Kit,
to clean the cable. Be sure to fallow
the manufacturer's instructions. Fallure
to follow these instructions could lead to
product failure.

Some newer solvents do not evaporate
quickly and need to be removed with a
clean, lint-free cloth. Failure to do so
could change the volume resistivity of
the substrate or leave a residue on the
surface,

Please follow the manufacturer's
instructions carefully.

General Shrinking Instructlons

» Apply outer 3- to 4-inch tip of the
flame to heat-shrinkable material with
a rapid brushing motion.

» Keep fiame moving o avoid
scorching.

s Unless otherwise instructed, starl
shrinking tube &t center, working
flama around all sides of the tube to
apply uniform heat.

To determins if a tube has completely
recovered, look for the following,
especially on the back and underside of
the tubs:

1. Uniform wall thicknass.

2. Conformance to substrate.

3. No flat spots or chill marks.

4, Visible sealant flow if the tube is

coated.

Note: When installing multiple tubes,
make sure that the surface of the last
tube is still warm before positioning and
shrinking the next tube. K installed tube
has cooled, re-heat the entire surface.

Installation Instructions

1. Product Selection

Check kit selection with cable
diameter dimensions in Table 1.

Table 1

PILC/Poly Nominal PILC Insulation Poly insulation
Kit Cable Range Diameter Range Diameter Range
HVES-1521D #4-4/0 0.680-0.90" (15-23mm) 0.65-1.05" (17-36mm)
HVES-1522D 250-350 0.85-1.10" (21-28mm) 0.90-1.30" (23-33mm)
HVES-1523D 500-750 1.05-1.30" (26-35mm) 1.10-1.60" (28-40mm)
HVES-1524D 750-1000 1.20-1.50° (30-38mm) 1.25-1.80" (32-45mm)
PII-53288, Rev AF 2 PCN 377750-000

Effective Date: December 18, 2002
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Installation Instructions

2. Prepare Gables

Find the cable type (Choice 1-4)
and follow the directions given.

7+ t80mm)
Matallic Tape Shield Cable «— 3" (75mm) —
Prepare the cable as shown. . - r 1/2* (10mm) = |e17/2" (10mm)
Go to Step B, page 5. 9_ [l : ///é‘.
|
\ Tape Shield | | Insulation i
Jacket Semi-con Conductor
1923
Wire Shield Cable 7° (180mm) >
Prepara the cable as shown. Foid [Tps 3-1/2" (90mm) _"i
the shield wires back over the cable 4 = |=1/2" {10mm)

jacket and tape in place as shown.

=

Shield
Jacket | Wires ! gemi-con

Insulation |
Conductor

Go to Step 8, page 5.

1924

CHOICE 3

UniShield®* Cabie

7" (180mm)——————|
-— 3-1/2" (90mm)-—

Prepara the cable as shown. Fold
the shield wires back over the cable
jacket and tape in place as shown.

\Tape

+| - |«1/2" (10mm)

Go to Step 8, page 5. - - I
Shield Conductive Insulation
Wires Jacket Conductor
*UniShield is a registered trademark of
BICC General Cable Industries, INC.
1925
- 8" (205mm)—————
PILC Cable -— 3-1/2" (90mm) —
Prepare the cable as shown. i I‘ 112" (10mm)
Go to Step 3, page 4. ? e l,z’/,f,f,f,«',/,f/,f,a
IJacket Lead Shield I Paper Insulation
Sheath
1826
PlI-53286, Rev AF 3 PCN 377750-000

Effective Date: December 18, 2002
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Installation Instructions

3. Mark lead Sheath
Steps 3-7 apply to PILC cable only.
Mark the lead sheath as shown.

N

‘-— 1-1/4" (30mm}

AN A AN AN A A,
LAV VAN AV Y SV A N
L _r £ £ £ L FL L T

Mark

Lead Sheath

1927

4. Apply Stress Relief Material
{SRM) at Lead Sheath Cutback

Remove backing strip from one side
of a long strip of SRM. Roll up the
SRM and remaining backing strip into
a convenient size.

Removing the remaining backing
strip, tightly wrap SRM around the
shield. Continue wrapping to the
mark on the lead sheath, then back
across the shisld onto the paper
insulation as shown.

Note: Apply a maxdmum thickness of
1/8" {3mm) of SRM over the lead
sheath to prevent excessive diameter
build-up. Save the remaining SRM.

1-1/4" (30mm)

i ‘——-‘—1' (25mm)

ot
Vit r s 8 72 7 7 7
Fi R R A A AR A AR AR A A A

B Leﬁd Sheath[

/ Paper Insulation

[ﬁj— Stretch SRM to
F 1/2 Original Width

5. Positlon OBT; Shrink in Place

Place an Oil Barrier Tube (OBT) over
the cable 1/4" (5mm) from end of
SRM as shown. Shrink in place
starting at the SRM. Work around the
tube with & smooth brushing motion.

Note: To achieve a smooth, wrinkle-
free installation, use a reduced flame
ta instail the thin-walied OBT.

(5mm) 1929

6. inspect OBTs

The installed OBTs should have a
smooth, wrinkle-free surface after
shrinking. Reheat to smooth any

wrinkled areas.

1930

7. Remove Insulation

Removea the OBT/insulation as
shown.

Go to Step 9, page 5.

1/2" (10mm)->| l‘

OBT/Ansulation I
Conductor

1831

PI1-53286, Rev AF

PCN 877750-000
Effective Date: December 18, 2002
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Installation Instructions

8. Apply SRM at Seml-con Step

Note: Step B applies to Poly/EPR cable
only.

Remove backings from short angle-cut
piece of SRM. Place tip of SRM at
semi-con cutback and tightly wrap to fill
semi-con step. Overlap insulation and
semi-con as shown. Taper SRM down
1o meet insulation.

Note: If using UniShield cable, apply
SRM as shown fo fili conductive jacket
step.

Stretch SAM to— [
1/4* (5rmm) wide i

7%

L‘; (e
1/4" {5mm - nsuianon
Sem{-con —-l) Overtap

Overlap

1932

9. Instali End Seal Plug

Note: A metallic tape shield cable is
shown as an example in the following
steps. Instructions apply to all cable
types previously mentioned unless
otherwise stated.

Note: Do Not apply heat directly to
yellow mastic.

Pick up the tube at the mastic end with a
pair of pliers and heat the closed section.
Do not apply flame to yellow mastic
directly. Set plug aside for 1-2 minutes
to allow heat to penetrate and soften
yellow SRM filler.

While the plug is absorbing the heat,
heat the exposed conductor. A hot
conductor will make plug installation
easier.

Twist the plug ohto the conductor until
the SRM filler extrudes to mest or
axceed the cable insulation diameter.

Heat end seal to
soften SRM filler

1938

End Seal |

)

1924

10. Apply SRM

Remove backing strip from one side of a
fong strip of SAM. Roll up the SAM and
remaining backing strip into a
convenient size.

Removing the remaining backing strip,
tightly wrap onge, half-lapped layer of
SRM around insulation and end seal
plug as shown.

Stretch SRM to — U,
1/2 Original Width

(™

el

172" (10mm) N 1/2" gwmm)
i E:| ) End Seal
Insulation f— Overlap

Overlap

1935

PlI-53286, Rev AF
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Installation Instructions

11. Install Ground
Choose the appropriate cable type

{Choice 1-3) and follow the directions
given.

CHOICE

Metallic Tape Shield Cable

Soider Ground
Biock Braid

{1) Flare one end of the ground braid
and place it onto the metallic tape,
butted up to the jacket cutback.

{2) Attach the braid to the shield by
placing two wraps of the spring
clamp cver the braid. (3) Fold the
braid back over the spring clamp
wraps. Continue to wrap the
remaining clamp over the braid.
Tighten dlamp by twisting itin the
direction it is wrapped and secure
with copper foil tape provided.

Goto Step 12, page 7. 1088

CHOICE 2

Wire Shield or UniShield Cable

) . , Solder | Ground
Pigtail the shield wires and crimp on Block Braid
to the ground braid using the Connector ;
connector provided. Position the
connector so the solder blocked
portion of ground braid is aligned
with the jacket cutback (or
equivalent position). Trim excess ,
shield wires. Trim excess

shisld wires
Go to Step 12, page 7.
1937
PILC Cable gggﬁr Ground
Align the solder blocked section of Braid
ground braid over the jacket b=

cutback. Solder ground braid onto
lead sheath. Deburr connection.

Go to Step 12, page 7. 9 i

| Lead Sheath

1938

PIl-53286, Rev AF 6 PCN 377750-000
Effective Date: December 18, 2002
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Installation Instructions

12. Position Black Stress Control
Tube; Shrink in Place

Place the black stress control tube
over the cable and align with the end
of the end seal as show.

Bagin shrinking from the end as
shown, working the torch with a
smooth brushing motion around all
sides of the tube, As the end
shrinks, work the torch as before
toward the jackst end.

1538

13. Paosition Red Insulating Tube;
Shrink in Place

Place the red insufating tube over the
cable and align with the end of the
Black Stress Control Tube as shown.

Shrink in place using method
described in Step 12,

1840

14. Position Black/Red Dual
Layer Tubes; Shrink In Place

Place the black/red dual layer tube
over the cable and align with the end
of the Red Insulating Tube as shown.

Shrink in placs using method
described in Step 12.

Black/Red Dual Layer Tube

Alignwithend of ™~
Red Insulating Tube %4

15. Apply Shilelding Mesh

Open the end of the shielding mesh
and slide it over the end of the
conductor for 3" (75mm) as shown.

Halflap the mesh over the installed
tube as shown. Cut excess braid
and tie off. {Mesh may be soider
tacked to metafiic shield or lead
sheath.)

Shielding Mesh
a* (75mm)

1941a

1842

16. Abrade & Clean Cable Jacket

Abrade and clean the cable jacket {or

jead sheath if unjacketed PILC cable)
for 3" {175mm) from the jacket
cutback or equivalent position.

1843

Pl1-53286, Rev AF
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Installation Instructions

17. Apply Mastic Under Braid

Lay the ground braid back acress the
installed shielding mash.

Wrap two layers of mastic beginning
2" (50mm) onio the cable jacket and
extending io instalied ground braid.

2 tayers

0 e om )

18. Apply Mastic Over Brald

Lay the ground braid back across the
cable jacket and press into the
ingtalled mastic.

Wrap two additional layers of mastic
directly over the braid and the mastic
installed in Step 17.

2 layers
‘ Mastic

19. Position End Cap; Shrink in
Place :

Place the end cap over the shielding
mesh as far as possible. Begin
shrinking at the closed end, working
the torch with a smeoth brushing
motion around all sides of the cap.

Continue to the open end as the cap
shrinks and conforms to the cable
contours.

20. Position Outer Sealing
Sleeve; Shrink In Place

Place the tube over the and cap and
center io overlap the end cap and
red sealant over the ground braids.

Begin shrinking in the center of the
tube, working the torch with a smoucth
brushing motion around all sides of
the tubs. After the center has
shrunk, continue as before toward
the cap end, then to the jacket end.

Allow to cool enough to touch before
moving or placing in service.

installation Is complete.

Quter Sealing Sleeve

1947

1948

The information contained in these instaliation instructions is for uss only by installers trained 1o make electrical powar instaliations and & infended to describe the
oarrect method of Installation for this product. However, Tyco Electronies has no control over the field conditions which influence product installation. it is the
user's responsibility to determine the suilability of the installation method in the user's field conditions. Tyco Elecironics' only obligations are those in Tyco
Elaotronios' standard Conditions of Sale for this product and In no case will Tyco Elecironics be liable for any other incidental, indirect or consequential damages
arising from the use or raisuse of the products, Raychem is a trade mark of Tyco Electronics Corporation.

PIl 53286, Rev AF,
PCN 377750-000
Effective Date: December 18, 2002

8 ® 2002 Tyco Elactronice Corporation
Printed USA 12/18/02
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Return to HVS-J

Product Installation Instructions

HVS-1510S-J Series
15kV Class

Splice for 1/C Jacketed
Concentric Neutral Power Cables

3 loke splru
E"A‘t'ébl'b‘:a:

Raychem Corporation
Electrical Products
8000 Purfoy Road
Fuguay-Varina, NC 27526
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General Instructions

Suggested Installation Equipment {not supplied with kit)

* Cable preparation tools

« Raychem P42 cable preparation
kit or cable manufacturer approved
sohvent

+ Clean, lint-free cloths

* Non-conducting abrasive cloth,

120 grit or finer

* Electrician's tape
» Connector(s) and installation tools
¢ Raychem recommended torch

Recommended Raychem Torches

Install heat-shrinkable cable
accessories with a "clean burning”
torch, i.e., a propane torch that

Clean burning torches include the
Raychem FH-2608, FH-2629 {uses
refillable propane cylinders) and

does not deposit conductive FH-2616A1 (uses disposable
contaminants on the product. cylinder).
Safety Instructions

Warning: When installing electrical
power system accessories, failure
to follow applicable personal safety
requirements and written
installation instructions could result
in fire or explosion and serious or
fatal injuries.

To avoid risk of accidental fire or
explosion when using gas torches,
always check all connections for
leaks before igniting the torch and
follow the terch manufacturer's

safety instructions.

To minimize any effect of fumes
produced during installation, always
provide good ventilation of confined
work spaces,

Adjusting the Torch

Adijust regulator and torch as
required to provide an overall 12-
inch bushy flame. The FH-262¢ will

be all blue, the other torches will
have a 3- to 4-inch yellow tip. Use
the yellow tip for shrinking.

Regulator Pressure
FH-2616A1 Full pressure
FH-2609 5 psig
FH-2629 15 psig

General Shrinking Instructions

» Apply outer 3- to 4-inch tip of the
flame to heat-shrinkable materiai
with a rapid brushing motion.

» Keep flame moving fo avoid
scorching.

* Unless otherwise instructed, start
shrinking tube at center, working
flame around all sides of the tube to

To determine if a tube has
completely recovered, look for the
following, especially on the back
and underside of the tube:

1. Uniform wall thickness.
2. Conformance to substrate.
3. No fiat spots or chill marks.

Note: When installing multiple
tubes, make sure that the surface of
the last tube is still warm before
positioning and shrinking the next

tube. K installed tube has cooled,

re-heat the entire surface.

apply uniform heat. 4, Visible sealant flow if the fube is
coated.
Installation Instructions
1. Product selection.
Check kit selection with cable
diameter dimensions in Table 1.
Table 1
Maximum Maximum Connector
Nominal Insulation Diameter Jacket Dimensions
Kit Cable Range Range Diameter LeLgth Diameter
HVS-1511-84 #2-2/0 AWG 0.65-0.95" (17-24mm)  1.30" (33mm) 400" (100mm) 0.75"{19mm)
HVS-1512-84  4/0-400 kcmil 0.85-1.30" (22-33mm)  1.65" {42mm) 550" (140mm) 1.25"(32mm)
HVS-1513-8J 500-600 kemil 1.10-1.60" (28-38mm)  1.90" (48mm) 6.00" {152mm) 1.45"(37mm)
HVS-1514-8J  750-1000 kemil 1.30-1.90" (3348mm)  2.30" (56mm) 8.00" (208mm) 1.85"(47mm)

Pll-54728, Rev AC

DCR C58811

2

PCN 266983-000

Effective Date: July 27, 1998
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Installation Instructions

Table 2
Jacket Jacket Semi-con Neutral Maximum Connector Expansion
Kit Cutback Cutback Cutback Wire Cut Dimensions Gap
A B c D Length Diameter "
Dimensions in inches
HVS-1511-8J 8" 12" 450" 4.00" 4.00" 0.75" 0.25"
HVS-1512-84 9" 13" 525" 4.00" 5.50" 1.25" 0.25"
HVS-1513-SJ 10" 15" 575" 5.00" 6.00" 1.45" 0.50"
HVS-1514-54 11" 17" 6.75" 6.00" 8.00" 1.85" 0.50"
Dimensions in millimeters
HVS-1511-84  203mm 305mm 114mm 102mm 100mm 19mm 6mm
HVS-1512-8J  229mm 330mm 133mm 102mm 140mm 32mm 6mm
HVS-1513-8J  254mm 381mm 146mm 127mm 152mm 37mm 13mm
HVS-1514-8J  279mm 432mm 171mm 182mm 203mm 47mm 13mm

2. Prepare cables.

Overlap the two cables as shown.
Refer to Table 2 and remove the
cable jacket to Dimensions A (plus
the 24" overlap) and B.

}— A > A— 24" (610mm) *ﬁﬂﬁ*—_*l

Overlap
1213
Fold back the neutral wires on € Tape
Side 1. Trim the neutral wires on | D—|ide 2
Side 2 to Dimension D and fape
over ends as shown. Side 1 |
__________________________ ,
Cut Side 1 eable at center line. = o e e
<—A—— Cut 24"(6 10mm) ——»
Overlap 1214
3. Remove semi-con, g
Refer to Table 2 and remove the ]
semi-con to Dimension C. - C—> Side 2
Side 1 [e—C—> =
‘ _ Cable
Semi-con  Jacket
Neutral Insuiation
mres 1215
4. Remove insulation.
Refer to Table 2 and cutback the [~ Z—~
insu|aﬁ0l‘l as shwn. S "Z" nxn uvu
"X Insulation = Expansion + 1/2 Length
Cutback Gap of Connector
'Ya
400
Pli-54728, Rev AC 3 PCN 266983-000
DCR C58811 Effective Date: July 27, 1998
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Installation Instructions
§. Abrade fnsulaFion?clean cable. Abrade  le— - »| Abrade

—

remove imbedded sel"ni-con. Cleah cable
as shown. T -~ .

«}——Clean 30" ——-Ar»l
{760mm)

6. Place Black/Red Dual Layer tube

over cable; install connector. |<— Clean ——|
Protect tube from end of conducior as it ? -
is placed over the cable. — H==H )

Install the connector. Adfter installation, | i
daburr connector. ' Black/Red Dual Layer Tube |

Using an approved solvent, clean the
insulation as shown. 1216

7. Apply SRM at semi-con cutback. Stretch SRM to
1/4" (5mm) wide

Remove backings from the short angle-
cut piece of SRM. Place tip of SRM at
semi-con cutback and tightly wrap to filt
semi-con step. Overlap semicon and
insulation as shown. Taper SRM down to

meet insulation. 114" (Smm)

Depending on cable size, more SRM may 1/4" (5mm)—»| j«— Semi-con Overlap

be supplied than is required to fill the step. Insulation Overlap

After filling the step, discard excess

angle-cul pieces. 1217

8. Apply SRM over connector.

Remove backing from one side of the
fong strip of Stress Relief Material
(SRM). Rollthe SRM and remaining

backing strip into a convenient size, '
Removing the remaining backing strip, . L
tightly wrap the SRM around the

connector and exposed conductor. Be

sure to fill the gaps and low spots Fill gaps
around the connector.

Continue to wrap SRM 1/4" (5mm)
onto the solvent cleaned Insulation as
shown. (Finished SRM diameter
should be only slightly larger than

Stretch SRM to
172 Original Width

1218

be necessary to use all of tl.le SRM.

On cables of differing insulation 14" (5mm)—-‘ " +‘ ’1-114“ (5mm}
diameters, SRM should be tapered '
down from the larger insulation OD to F-:—E‘
the smaller.
SRM

Note: If connector diameter Is larger
than Insulation diameter, apply two
tightly wrapped, half-lapped layers of
SRM over the entire connector.

1219

Discard any excess SRM (fong

strips).

Pll-54728, Rev AC 4 PCN 266983-000

DCR C58811 Effective Date: July 27, 1998
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Installation Instructions

9, Apply Discharge Control
Compound (DCC).

Snip open end of the DCC ampule
and apply a thin fim of compound
over the three applications of SRM.

Apply a bead of DCC around the
circumference of the SRM edge on
each side of the connector.

Apply thin film over surface of installed SRM

1220

10. Apply red sealant.

Remove release paper from red
sealant strip and place two full wraps
onto the cable semi-con layer 1/4"
(5mm) from previously applied SRM.

=

2wraps ——————

1221

11. Apply aluminum defiector.

Remove backing and install the

aluminum deflector around the cable
semi-con layer butted up to the edge
of the red sealant applied in Step 10.

Aluminum Deflector —, 1222

12. Position black/red dual layer
tube; shrink in place.

Center tube over joint as shown.
Begin shrinking at center of tube (1),
working torch with a smooth
brushing motion around the tube.
Before moving away from the center,
make sure the tube has shrunk by
gently twisting the unshrunk end to
feel for resistance. After center
portion shrinks, work torch as before
toward one end (2), then to the

opposite end (3).

Note: Pay particular attention to the
hard to reach parts, especially the
back and underside of the tube. The
tube should have a smooth and even
surface when finished.

Post heat the entire tube for
1 minute after fully shrunk.

After shrinking, remove deftector to
allow access to neutral wires.

Twist gently to check for
resistance In center,

1223

13. Lay out neutral wires; clamp
in place as shown.

Place one wrap of spring clamp
around the blackfred dual layer tube
as shown.

Neatly lay all neutral wires (spaced
evenly) over spring clamp. Wrap
remainder of spring clamp over
wires and bind in piace with

electricians tape. 1224
PII-54728, Rev AC PCN 266883-000
DCR C58811 Effective Date: July 27, 1998
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14. Connect neutral wires.

i d
splice with suitable connector(s).
Bind wires to splice.

Connector|
|

16. Clean cable jackets.

Abrade and soivent clean cable
jackets as shown to provide an oil-
free surface.

16. Position wraparound sleeve.

Remove or iape over all sharp points
to prevent puncture of wraparound
sleeve. Remove backing from the
wraparound sealing sleeve and
center sleeve over splice. Slide
metal channels onto the butted rails.

Metal Channel

1227

17. install channel clip.

If two channels are used, connect
the channels with the short channel
retention clip. Use pliers to install
clip.

Note: Channel(s) must extend
beyond the sleeve edge as shown.

!

1/4" (5mm)

minimum

Channel
Clip

minisnom ] [+

............

L |

1228

18. Shrink the wraparound
sleeve.

Begin shrinking at center and work
toward each end.

Post heat the entire sleeve
(concentrating on metal channel

compietely shrunk.
This completes the installation.

Allow splice to cool before moving
or placing in service.

1229

Adhesive Flow (Both Ends) *—, 1230

P11-54728, Rev AC, DCR C58811
PCN 266983-000
Effective Date: July 27, 1898

©1998 Raychem Corporation

Printed USA 7/27/98
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Sectionalizing Equipment

7T9K39410

m Power Systems

SecTER™ Cabinet

Eloctrical Apparatue

1000-05

GENERAL

The versatile single- and three-phase
SecTER™ sectionalizing terminals
from Cooper Power Systerns are
designed as cable sectionalizing
centers, or as permanent or temporary
transformer pad covers.

The aesthetic low profile design
provides unobtrusive installations for
sactionalizing, tapping or terminating
undierground cable. -

The top hinged diagonally cut
removable cover and cabinet are
designed for easy one man opening
and improved access to interior
terminations. A door stop prevents the
door from accidentally closing.

All cover-to-cabinet seams are
designed to exeed ANSI® tamperproof
standards. TGIC powder coating
exceeds ANSI® coating requirements.

Twelve and fourteen gauge mild
steel designs are available. For highly
corrosive environments, stainless
steel or aluminum are also available.
Continuous seam welding ensures a
sturdy smooth cabinet.

Universal mounting plates accept
200 amp or 600 amp, two-, three-, or
four-position junctions with u-straps.
Standard SecTER designs are
available in a variety of sizes to suit
typical applications and can also be

ordered with junctions factory installed.

Optional Features

Extra cover lifting handles
200 or 600 A juncticns
Fiber glase ground sleeves
Hold down cleats

Light color mounting plates
Angled mounting plates
Extra parking stands

Figure 1.
Series | Single-Phase SecTER Cabinet.

Figure 2.
Series Il Three-Phase SecTER Cabinet.

0212 » Supersedes 0210
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SecTER Cabinet
OPTIONAL 200 AND ORVERSAL MOUNTING
500 A JUNCTIONS MJ%ES S0 A m‘gg GROUND NUT
or WELDED IN
junctions with u-straps) INCLUDED PLACE

DOOR
STOP

e T
! ! S | PADLOGK HASP AND
PENTAHEAD SILICON

BRONZE BOLT

Figure 3.
Series |, standard design with Loadbreak Junction.

NOTE: Dimensions given are for reference only. *Stainless Steet or Aliminum optional.

ORDERING INFORMATION
TABLE 1
Series |
Dimensione (in.)
kV Class H | W | b | Phase | Catalog Number
Series |¢
15/25/36 30 | 24 [22] 1 DO400LOOKS4A
16/26/35 30| a [z 1 00400LO0K58A
15/25/35 30 | 3 {22 1 00A00LO0KB2A
15/25/35 a0 | 48 [22] 3 | oossowooK02A
I e e I e
15/25/35 30 { 8 | 22| 3 | 00450L00K10A

NOTE:

a =Single-phase units accommodate four-point junctions
Threa-phase 48-inch units accommodate a maximum of three three-point junctions
Three-phase 66-inct units accommodate a meaximum of three fourﬁolnt Junctions at 15/25 kv

ree vertical feedthrus at 35 kV

Thres-|

84-inch units accommodate four-pol
22-inch depth allows 600 A junctions and Ts to be installed and operated

nt junctions with

= For stainless, change "A" 1o "3, For gluminum, change "A" to "L".
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1000-05

Figure 4.
Serles N, standard design with Loadbreak Junction.

NOTE: Dimensions given are for reference only. *Stainless Steel or Aluminum optional.

ORDERING INFORMATION
TABLE 2
Series |18
Dimenslons (in.)
KV Class H | w | D | Phase | Catalog Number
Series II*
16 30 ] 24 18| 1 00400LO0K72A
15 30| a8 [ 15| 3 00450LO0K28A
15 0| e [15] 3 0D450L00K30A
15/25 3] 3 [18] 1 DC400LOOK73A
15/25 30 | 4 [18] 3 00450L00K29A
15/25 30 | 60 [18] 3 00450L00K31A
NOTE:

2 =Single-phase units accommodate four-point junctions
Three-phase 48-inch units accommodiate a maximurm of three three-point junctions
Three-phase 60-inch units accommodate a maximum of three four-point junctions

*  For stainless, change "A" to *S". For aluminum, change A" to "L.".
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SecTER Cabinet

TABLE 3
Ground Sleeve Information

Dimenegions (in.)
Type H|w/loD Catalog Number*
Ground Sleeves—Fiberglass (18" High)
18 24 22 00400L00K02G
18 30 22 00400L00K03G
18 36 22 00400L00K04G
18 48 22 00450L00K04G
18 66 22 00450L00K05G
18 84 22 00450L00K06G
Ground Sleeves—Fiberglass (30 " High)
30 24 22 00400L00K05G
30 30 22 00400LD0K06G
Series | 30 36 22 00400L00K07G
30 48 22 00450 00K07G
30 66 22 00450L00K08G
a0 84 22 00450L00K09G
’ Ground Sleeves—Steel (24 * High)
24 24 22 0400L00K10GM
24 30 22 0400L00KT 1GM
24 38 22 D400L00K12GM
24 48 22 0450L00K17GM
24 66 22 0450L00K18GM
24 &84 22 0450L00K19GM
Ground Sleeves—Fibergtass (18 * High)
18 24 15 00400L00K00G
18 48 15 00450L00K00G
18 B0 15 004501.00K02G
18 20 18 00400L00K01 G
18 48 18 00460L00K01G
18 60 18 00450LO0K23G
Ground Sleeves—Steel {18 “ High)
18 24 15 (0400L00K13GM
Series 18 48 15 0450L00K20GM
18 60 15 0450L00K21GM
18 30 18 0400L0OK14GM
18 48 18 0450L00K22GM
18 60 18 -0450LO0K23(-}M
Ground Sleeves—Stoel (24 * High)
24 60 15 04501 00K25GM
24 30 18 0400LOOK16GM
24 48 18 0450L.00K26GM
24 60 18 04501 00K27GM

* Width and depth dimensiens must be matched to corresponding SecTER dimensions.

© 2012 Cooper Industries. All Rights Reserved,
Cooper Power Systems and SecTER are vakable trademarks of Cooper
Industries in the U.S. and other countries. You are not permitted 1o use the GO Power Systems

Cooper Trademarks without the prior written consent of Cooper Industries.
ANSI® s a registered trademark of the American National Standards Instituts. )
: 2300 Badger Drive

One Cooper | www.cooperpower.com | Onlineg Waukesha, Wt 53188
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@ SEL-751A Feeder Protection Relay

Major Features and Benefits

The SEL-751A Feeder Protection Relay provides an excep-
tional combination of protection, monitoring, control, and
communication in an industrial package.

» Standard Protection Features. Protect lines and equip-
ment with phase, negative-sequence, residual-ground, and
neutral-ground overcurrent elements. Implement load
shedding and other control schemes with current-based
over- and underfrequency and breaker failure protection
for one three-pole breaker.

» Optional Arc-Flash Protection. Use the SEL-751A with
optional four-channel fiber-optic arc-flash detector inputs
and protection elements. Settable arc-flash phase and neu-
tral overcurrent clements combined with arc-flash tight
detection elements provide secure, reliable, and fast acting
arc-flash event protection.

» Optional Protection Features. Use the SEL-751A with
one of the voltage input options to provide over- and
underfrequency, rate-of-change of frequency, fast rate-of-change of frequency (for Aurora vulnerability
mitigation), measured residual current input CT, over- and undervoltage, synchronism-check, dec station
battery monitor, arc-flash, power elements, and demand metering elements.

» Operator Controls and Reclosing. Easy tripping and closing of the breaker with four programmable
front-panel pushbuttons. Implement remote and local control functions, and selectively reclose with syn-
chronism and voltage checks (optional).

» Relay and Logic Settings Software, ACSELERATOR QuickSet® SEL-5030 Software reduces engineer-
ing costs for relay settings and logic programming. Tools in ACSELERATOR QuickSet make it easy to
develop SELocIc® control equations.

» Metering and Monitoring. Use built-in metering functions to eliminate separately mounted metering
devices. Analyze Sequential Events Recorder (SER) reports and oscillographic event reporis for rapid
commissioning, testing, and post-fault diagnostics. Unsolicited SER protocol allows station-wide
collection of binary SER messages. The arc-flash detection option provides light metering and event
reports for commissioning and arc-flash event capture for analysis.

» Wrye or Delta Voltage Inputs. Optional voltage inputs allow for either wye-connected, open-delta-con-
nected, or single voltage inputs to the relay.

» Additional Standard Features. The SEL-751A also includes Modbus® RTU, Event Messenger support,
MIRRORED BITs® communications, load profile, breaker wear monitoring, support for 12 external RTDs
(SEL-2600), IRIG-B input, advanced SEL0GIC, and IEEE C37.118-compliant synchrophasor protocol.

» Optional Features. Select from a wide offering of optional features, including [EC 61850, DNP3 serial
and LAN/WAN, Modbus TCP/IP, Simple Network Time Protocol (SNTP), 10 internal RTDs, expanded
digital/analog /O, voltage inputs, arc-flash fiber-optic inputs, additional EIA-232 or EIA-485 communi-
cation ports, fiber-optic serial port, single or dual, copper-wire or fiber-optic Ethernet ports, and configu-
rable labels.

Schweitzer Engineering Laboratories, Inc. SEL-751A Data Sheet

PAGE 112



2

Overview

79K39410

Bus

@9& |

% SEL-751A Feeder Protection Relay \
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* Event Reports and Load Profifes

y
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Overcurrent + Phase
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52 |~ Arc-FIash Detector

T
1
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Synchrosism . pragrammable Front Pushbuttons and LED Indicators

- SEL ASCII, Ethernet*, Modbus® TCP*, IEC 61850*, DNP3
LAN/WAN*, DNP3 Serial*, Modbus RTU, SNTP*, Telnet,
FTP, and DeviceNet Communications*

= Event Messenger Compatible
* Front-Panel LED Programmable Targets
* Two Inputs and Three Qutputs Standard

* 1/0 Expansion™Additional Contact Inputs, Contact
Outputs, Analoq Inputs, Analog Outputs, and RTD
Inputs

. 57® Fiber-Optic Communications Port*

» Single or Dual Ethernet, Copper or Fiber-Optic
Communications Port*

25 » Battery-Backed Clocked, IRIG-B Time-Synchronization
= Instantaneous Metering

Check
- Advanced SELocic® Control Equations

+ 32 Programmable Display Messages
« Station Battery Monitor*

= Breaker Wear Monitoring

+ Synchrophasor Protocol

- Arc-Flash Protection*

Auto-Reclosing
3(‘ . ; l
9

Undervoltage Overvoltage

Line

\

- Peak Demand, Demand Metering*
+ Aurora Mitigation Islanding Detection {§1RF Element)*

* Optional Functions )

Figure T Functlonal Dlagram

Protection Features

The SEL-751A includes a robust set of phase, negative-
sequence, residual, and neutral overcurrent elements.
Each element type has four levels of instantanecus protec-
tion. Each element type has two time-overcurrent
elements {except negative-sequence, which has one time-
overcurrent element). Table I lists the curves available in
the SEL-751A.

The SEL-751A has two reset characteristic choices for
each time-overcurrent element, One choice resets the
clements if current drops below pickup for at least one
cycle. The other choice emulates electromechanical
induction disc elements, where the reset time depends on

SEL-751A Data Sheet

the time dial setting, the percentage of disc travel, and the
amount of current.

Table1 Time-Overcurrent Curves

us =~ .= e oo LIEC - i L
Modcratcly Inverse Standard Inverse

Invmst. in ,ﬁ’@ \eu Inwrsf .‘_-:: - ":,4
\er) Inverse Extrely Inverse
L'd:remel\ Invem: Long-’hme Inverse
Short-Time Inverse Short-Time Irlverse
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Overcurrent Elements for Phase Fault
Detection

Phase and negative-sequence overcurrent elements detect
phase faults. Negative-sequence current elements ignore
three-phase load to provide more sensitive coverage of
phase-to-phase faults. Phase overcurrent elements detect
three-phase faults, which do not have significant negative-
sequence quantities.

Overcurrent Elements for Ground
Fault Detection

Calculated residual current or optional measured residual
current (IG), neutral (IN), and negative-sequence overcurrent
elements detect ground faults. In addition to the 1 A/5 A
neutral CT, the SEL-751A offers optional high-sensitive
neutral element with 50 mA or 2.5 mA nominal current
rating.

Wye or Open-Delta Voltages

Wye-connected (four-wire) voltage or open-delta-
connected (three-wire) voltage can be applied fo three-
phase voltage inputs VA, VB, VC, and N, as shown in
Figure 2. You only need to make a global setting
(DELTA Y = wye or DELTA_Y = delta) and an external
wiring change—no internal relay hardware changes or
adjustments are required. Thus. a single SEL-751A model
meets all your distribution protection needs, regardless of
available three-phase voltage.

In addition, the SEL-751A supports single voltage input.
For customers with a single PT input, the SEL-751A will
assume balanced voltage input for all protection and
metering functions.

Loss-of-Potential Logic

The SEL-751A includes loss-of-potential (LOP) logic
that detects one, two, or three blown potential fuses. This
patented LOP logic is unique because it does not require
settings and is universally applicable. The LOP feature
allows the blocking of protection elements to add security
during fuse failure.

Synchronism Check

When you order the 5 AVI voltage option card, single-
phase voltage (phase-to-neutral or phase-to-phase) is
connected to voltage input VS/NS for synchronism check
across a circuit breaker (or hot/dead line check). You can
use synchronism-check voltage to coordinate reclosing
with the optional recloser control.

Schweitzer Engineering Laboratories, Inc.
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/~ SEL751A Relay
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Figure 2 Connect Wye or Open-Delta Voltage to
SEL-751A Three-Phase Veltage Inputs

Voltage and Frequency Elements for
Extra Protection and Control

Over- and Undervoltage Elements
Phase-to-ground, phase-to-phase, negative-sequence, and
residual overvoliage (59) and phase-to-ground or phase-
to-phase undervoltage (27) clements in the SEL-751A
create the following protection and control schemes:

» Trip/alarm or event report triggers for over- and under-
voltage conditions.

» Undervoltage (27) load shedding scheme (having both
27 and 81U load shedding schemes allows detection of
system MVAR- and MW-deficient conditions).

Over- and Underfrequency Protection

Six levels of secure overfrequency (810) or underfre-
quency (81U) elements detect true frequency
disturbances. Use the independently time-delayed output
of these elements to shed load or trip local generation.
The SEL-751A makes frequency measurements with the
voltage input (if available) and switches automatically to
current input when voltages are not available.

SEL-751A Data Sheet
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Implement an internal multistage frequency trip/restore
scheme at each breaker location using the multiple over-
and underfrequency levels. This method avoids the cost of
wiring a complicated trip and control scheme from a
separate frequency refay.

Rate-of-Change of Frequency Protection
(Optional)

Four independent rate-of-change of frequency elements
are provided with individual time delays for use when
frequency changes occur, for example, when there is a
sudden imbalance between generation and load. They call
for control action or switching action such as network
decoupling or load shedding. Each element includes logic
to detect either increasing or decreasing frequency and
above or below nominal frequency.

Fast Rate-of-Change-of-Frequency Protection

for Aurora Vulnerability Mitigation (Optional)

The fast rate-of-change of frequency protection, 81RF,
provides a faster response compared to frequency (81)
and rate-of-change of frequency (81R) elements. The fast
operating speed makes the 81RF element suitable for
detecting islanding conditions. The element uses a char-
acteristic {see Figure 3) based on the frequency deviation
from nominal frequency (Af=FREQ-FNOM) and the
rate-of-change of frequency (DF3C) to detect islanding
conditions. A time window of three cycles is used to cal-
culate the value of DF3C. Under steady state conditions,
the operating point is close to the origin. During islanding
conditions, the operating point enters Trip Region 1 or
Trip Region 2 of the characteristic, depending on the
acceleration or deceleration of the islanded system.
{81RFDFP in Hz) and (8§1RFRP in Hz/sec) are the set-
tings used to configure the characteristic.

DF3C Hzfs
(dffdt calculated over 3-cycle window)
/

|
BRFRP %//////.
~~Trip Re

gion 1
oy

~

“>—m- DF (FREG-FNOM) Hz
+BIRFDFP

1
|
I
I
I

02— T —————
—81R:FDFP 01 !

N
~
~

: ]
+- {02
! ,
I
I
I

) oo

Figure 3 81RF Characteristic
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Power Element Protection

The SEL-751A with optional voltage inputs provides two
power elements for detecting real (Watis) or reactive
(VARS) positive or negative power flow levels for the
feeder application. Each power element has a definite-
time delay setting.

Arc-Flash Protection

An arcing short circuit or ground fault in low or medium
voltage switchgear can cause very serious equipment
damage and personal injury. They can also cause
prolonged and expensive downtime.

The best way to minimize the impact of an arc-flash event
is to reduce the detection and circuit breaker tripping
times. Conventional protection may need several cycles to
detect the resulting overcurrent fault and trip the breaker.
In some cases, there may not be sufficient current to
detect an overcurrent fault. Tripping may be delayed
hundreds of milliseconds for sensitivity and selectivity
reasons in some applications.

The arc-flash detection-based (AFD} protection can act
on the circuit breaker in a few milliseconds (2—5 ms).
This fast response can limit the arc-flash energy thus
preventing injury to personnel and limiting or eliminating
equipment damage.

The arc-flash protection option in the SEL-751A relay
adds four-channel! fiber-optic AFD inputs and protection
elements. Each channel has a fiber-optic receiver and an
LED-sourced fiber-optic transmitter that continuously
self-tests and monitors the optical circuit to detect and
alarm for any malfunction.

There are two types of applications supported by the
SEL-751A.

Point Sensor Application

The arc is detected by transmitting the arc-flash light cap-
tured by the optical diffuser (located appropriately in the
switchgear) over a 1000 pm plastic fiber-optic cable to the
optical detector in the relay. The relay performs sensor
loopback tests on the optical system using an LED-based
transmitter to transmit light pulses at regular intervals to the
point sensor assembly (over a second fiber-optic cable). If the
relay optical receiver does not detect this light, the relay
declares a malfunction and alarms. Figure 4 (top) shows a
diagram for the point sensor application.

Schweitzer Engineering Laborataories, Inc.
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Figure 4 SEL-751A Arc-Flash Detection System

Bare-Fiber Sensor Application

A second option for AFD uses a bare 1000 pm plastic
fiber-optic cable located in the switchgear equipment.
One end of the fiber is connected to the optical detector in

LIl L

-’.

Additional Ordering Options

You can order the following options for any SEL-751A

model {see the Model Option Table for details).

» Single or dual, copper or fiber-optic Ethernet port(s),
Modbus TCP, SNTP, DNP3 serial and DNP3
LAN/WAN, FTP, Telnet

» [EC 61850

» DeviceNet

» EIA-232 or EIA-485 communications

» Fiber-optic serial port (ST only)

» Additional E1A-232 or ETA-485 port

» Analog I/O (4 Al/4 AQ, 8 AD)

Table 2 Voltage Input Options (Sheet 1 of 2)

79K39410

5

the relay and the other end is connected to the LED trans-
mitter in the relay. The LED transmitter injects periodic
light pulses into the fiber as a sensor loopback test to ver-
ify the integrity of the loop. The relay detects and alarms
for any malfunction. Figure 4 (bottom) shows a diagram
for the bare-fiber sensor application.

The SEL-751A AFD system provides four channels per
relay that can be configured for the point sensor or the
bare-fiber sensor applications. The optional fast hybrid
outputs (high speed and high current) of the relay provide
fast-acting trip outputs to the circuit breaker (less than
50 ps). The fast breaker tripping can avoid serious
damage or personal injury in case of an arc-flash event.
The relay also provides light metering and light event
capture to aid in setting the relay and capturing the arc-
flash event for records and analysis.

Settable arc-flash phase and neutral overcurrent elements
are combined with arc-flash light detection elements to
provide secure, reliable, and fast acting arc-flash event
protection.

» Digital I/O (4 DI/4 DO, 8 DI, 3 DI/4 DO/1 AO,
4DI/3 DO)

» Voltage options including monitoring package inputs
(three-phase voltage input, synchronism-check input,
station battery monitor input), advanced monitoring
and protection, four-channel fiber-optic AFD inputs
and protection, and measured residual current CT
input. See Table 2.

» 10 RTDs

» Conformal coating for chemically harsh and high
moisture environments

' A e T HET Obtion {71) | Option (72) | Option (73} Option (74} . ‘ Cption (75/76)
Voltage Input Options. A ool : -
. . : i SELECT 3AVI? | SELECT SAVIP| SELect E'AVI‘ 'S_ELEI:T 3 AVI/4 AFDIY| SELECT 5 AVI/1 ACI®

Under- and overvoltage elements {27, 59} X X X X X

. Voltage based frequency measnrement and ® ¥ X X g
trackmg - = g . ows ] - an
Over-, underfrequency’ elements (81) x X X X X
Power fagior elements (55) -+ o> ﬁ x x L5 X 1
Loss of potential element (60LOP) ' X X X X X
Real, 1cactive. apparent power and power . % x X
tactol meterng - : S
Energy metering X X X X X
Synchronism-check elements meludmg undet- X X X
and over-voltage elements (25 275 598) .
Station dc battery voltage monitor ' X X X
Demand and peak demand meterng - - . ¥ X
Residual overvoltage element (59G) X X X
THegative-sequence overvoltage element (590} Xie B3
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Table 2 Voltage Input Options (Sheet 2 of 2)
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Option (71) | Option (72) | Option (73) | - : Option (74) Option (75/76)
Voltage Input Options . 3
1 . e s SELecT 3AVI® | SELecT BAVI®| SELtcy SAVI®{ SELECT 3 AVI/4 AFDIY| SELECT 5 AVI/1 ACI®
Rate-of-change of frequency element (81R) X X X
Fasi rate-of-change of ﬁ'equenc} element X - x X
{81RF), Amova mitigation - 4
Power clements {32) X X
4-channel uptical arc-flash sensor mputs with
contmuons self-testmg (AFD)
Arc-flash protection elements (S0PAF, SONAF) X
Residual cmtent (IG) C T-based tesidual x
. overcurtent elements (50G. 51G) ’

4 voltage Qptions.

With Monitoring Package.

With Monitoring and Advanced Metering and Protection Packages.
With 4-channel Arc-Flash Detector Inputs and Protection,

SELecT SAVI/1 ACI With Residual Ground CT Input.

® an o

Operator Controls and Reclosing

Operator Controls Eliminate
Traditional Panel Control Switches

Four conveniently sized operator controls are located on
the relay front panel (see Figure 5). You can set the SER
to track operator controls. You can also change operator
control functions using SELOGIC control equations.

Standard Recloser Option
Note: All text can @ O Rert ockour
be changed with O suim O owsie
the configurable !—8&’( Onl;gng
labels.

O socn aose
CLOSE
) BREAKER CLOSED
[«
TRIP
) BREAKER OPEM

Figure 5 Operator Controls for Standard and Optional
Reclosing Models

The following operator control descriptions are for
factory-set logic.

In the standard SEL-751A, users can program the top
operator control and its corresponding two LEDs. When
the SEL-751A is ordered with optional reclosing, the two
LEDs are programmed to give the status of the reclosing.
The two LEDs, RECLRESET and RECL LOCKOUT, indicate
whether the recloser is in the Reset or Lockout state.

The {LOCK} operator control blocks selected functions.
Press it for at least three seconds to engage or disengage
the lock function. While locked in pesitien, the following
operator controls cannot change state if pressed: {TRIP}
and {CLOSE}.

SEL-7514 Data Sheet

Use the {CLOSE} and {TRIP} operator controls to close and
open the connected circuit breaker. Program with
intentional time delays to support operational
requirements for breaker-mounted relays. This allows the
operator to press the {CLOSE} or {TRIP} pushbutton, then
move to an alternate location before the breaker command
is executed.

Programmable Autoreclosing

‘When ordered with optional reclosing, the SEL-751 A can
autoreclose a circuit breaker up to four times before lock-
out. Use SELOGIC control equations to program the
SEL-751A to perform the following reclosing functions:

» Allow closing, c.g., when the load-side line is dead, or
when the two systems are in synchronism (optional).

» Advance the shot counter without tripping, e.g., when
another protective relay clears a fault, also known as
sequence coordination.

» Initiate reclosing, e.g., for particular protection trip
operations.

» Drive-to-lockout, e.g., when an optoisolated input is
deasserted.

» Delay reclosing, e.g., after a trip caused by a close-in,
high-duty fault.

» Flexible reclose supervision failure scheme that allows
going to lockout or moving to the next available shot.

The reclosing shot counter controls which protective
elements are involved in each reclose interval.
Applications include fuse- and trip-saving schemes. The
front-panel LEDs (Reset and Lockout) track the reclosing
state.

Schweitzer Engineering Laboratories, inc.
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Relay and Logic Settings Software
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ACSELERATOR QuickSet Software simplifies settings and
provides analysis support for the SEL-751A. With
ACSELERATOR QuickSet you have several ways to create
and manage relay settings:

» Develop settings off-line with an intelligent settings
editor that only allows valid settings.

» Create SELOGIC conirol equations with a drag-and-
drop text editor.

» Configure proper settings using online help.
» Organize settings with the relay database manager.

» Load and retrieve settings using a simple PC commu-
nications link,

Metering and Monitoring

With ACSELERATOR QuickSet you can verify settings and
analyze events; and analyze power system events with the
integrated waveform and harmonic analysis tools.

The following features of ACSELERATOR QuickSet can

monitor, commission, and test the SEL-751A:

» The PC interface will remotely retrieve power system data.

» The Human-Machine Interface (HMI) will monitor
meter data, Relay Word bits, and output contacts status
during testing. The control window allows resetting of
metering quantities, arc-flash sensor testing and diag-
nostics, and other control functions.

The SEL-751A provides extensive metering capabilities.
See Specifications on page 19 for metering and power
measurement accuracies. As shown in Table 3, metered
quantities include phase voltages and currents; sequence
voltages and currents; power, frequency, and energy, and
maximum/minimum logging of selected quantities. The
relay reports all metered quantities in primary quantities
(current in A primary and voltage in V primary),

Table 3 Metering Capabilities

GQuantities? Description

Input currents. residual ground
current (IG=310=1A+1B+IC
OR measured 1G)

Wi e-connected voltage nput:
Delta-connected voltage inputs

Currents LA, IB. IC, IN, IG

voltages VA VB, V(2 .
Voltages VAB, VBC, VCA

Voltage v5 ) | synchiomsm-check veltage mput
Power kW,
KVAR ARCIF Single and three-phase kilowatts,
A,B,C,3P kilovars, and kilovolt-amps
kVA, B c 3p
Eneigy MWh3P, e e B
Momse, L | e nsnion,
MVARBSP-OUT, "' mﬁal:o I
MVAB3P. - - % Mg hae Ao
Si lc and three- hasc Wer
Power Factor PFA B.C.3p famctir {leading orplaggmp:)
. vy aup | INegative- and zetv-sequence
Sequence 312 310, 332 3V0 cmrents and voltages . - ;
Frequency, FREQ (Hz) Iﬁ‘n:;?lnet]?;lyeous power system

Voltagc YDO Statign battery voltage
Arc-flash light inputs in % of full

o, —
Light Intensity (%) LS1-LS4 sl

2 single-phase power, energy, and power factor quantities are not
available when delta-connected PTs are used.
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Load Profile

The SEL-751A features a programmable Load Profile
{LDP) recorder that records up to 17 metering quantities
into nonvolatile memory at fixed time intervals. The LDP
saves several days to several weeks of the most recent
data depending on the LDP settings.

Synchronized Phasor Measurement

Combine the SEL-751A with an SEL TRIG-B time source to
measure the system angle in real time with a timing accuracy
of £10 pus. Measure instantanevus voltage and current
phase angles 1n real time to improve system operation
with synchrophasor information. Replace state measure-
ment, study validation, or track system stability. Use
SEL-5077 SYNCHROWAVE® Server Software or
SEL-5078 SYNCHROWAVE Console Software to view
system angles at multiple locations for precise system
analysis and system-state measurement (see Figure 6),

Chicago, IL

Puliman, WA

(&somsuz )

Monten'ev Mexica San Antonio, TX Tampa, FL

Figure & View of System Angle at Multiple Locations
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Event Reporting

Event Reports and the SER simplify post-fault analysis
and improve understanding of simple and complex pro-
tective scheme operations. In response to a user-selected
trigger, the voltage, current, frequency, and element status
information contained in each event report confirms relay,
scheme, and system performance for every fault. Decide
how much detail is necessary when you request an event
report (e.g., 1/4-cycle or 1/16-cycle resolution, filtered or
raw analog data).

The relay stores as many as nineteen of the most recent
64-cycle or as many as seventy-seven of the most recent
15-cycle event reports in nonvolatile memory. The relay
always appends relay settings to the bottom of each event
repoit.

The following analog data formats are available:
» 1/4-cycle or 1/16-cycle resolution

» Unfiltered or filtered analog

» ASCI or Compressed ASCII

The relay SER feature stores the latest 1024 entries. Use
this feature to gain a broad perspective at a glance. An
SER entry helps to monitor input/output change-of-state
occurrences and element pickup/dropout,

The TRIG-B time-code input synchronizes the SEL-751A
time to within =1 ms of the time-source input. A convenient
source for this time code is the SEL-2401 Satellite-
Synchronized Clock or the SEL-2032, SEL-2030, or
SEL-2020 Communications Processor (via Serial Port 2 or 3
on the SEL-751A)

Substation Battery Monitor

The SEL-751A relays that include enhanced voltage
option with the monitoring package measure and report
the substation battery voltage connected to the VBAT ter-
minals. The relay includes two programmable threshold com-
parators and associated logic for alarm and control. For
example, if the battery charger fails, the measured dc falls
below a programmable threshold. The SEL-751A alarms
to alert operations personnel before the substation battery
voltage falls to unacceptable levels. Monitor these
thresholds with an SEL communications processor and
trigger messages, telephone calls, or other actions.

SEL-751A Data Sheet
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The measured dc voltage appears in the METER display
and the VDC column of the event report. Use the event
report column data to see an oscillographic display of the
battery voltage. This display shows how much the
substation battery voltage drops during trip, close, and
other control operations.

Circuit Breaker Contact Wear Monitor

Circuit breakers experience mechanical and electrical
wear every time they operate. Intelligent scheduling of
breaker maintenance takes into account manufacturer’s
published data of contact wear versus interruption levels
and operation count. With the breaker manufacturer’s
maintenance curve as input data, the SEL-751A breaker
monitor feature compares this input data to the measured
(unfiltered) ac current at the time of trip and the number
of close-to-open operations.

Every time the breaker trips, it integrates the measured
current information. When the result of this integration
exceeds the breaker wear curve threshold (Figure 7) the
relay alarms via output contact, communications port, or
front-panel display. This kind of informaticn allows
timely and economical scheduling of breaker
maintenance.

Breaker Manufacturer’s

Maintenance Curve
é (Set P?int ]
- ; (Set Point 2)
-3 TR S, il
S z
= : (Set Paint 3)
Bl S Ve
= :
KA Interrupted
Figure 7 Breaker Contact Wear Curve and Settings
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Flexible Control Logic and Integration Features

The SEL-751A is equipped with as many as four indepen-
dently operated serial ports: one EIA-232 port on the
front, one EIA-232 or EIA-485 port on the rear, and one
fiber-optic port. Additicnally, the SEL-751A has one
EIA-232 or EIA-485 port option card. Optionally, the
relay supports single or dual , copper or fiber-optic Ether-
net ports. The relay does not require special communica-

Table 4 Communications Protocols

tions software. You can use any system that emulates a
standard terminal system. Establish communication by
connecting: computers; modems; protocol converters;
printers; an SEL-2032, SEL-2030 or SEL-2020 Commu-
nications Processor; SCADA serial port; and or RTUSs for
local or remote communication. Refer to Table 4 for a list
of communications protocols available in the SEL-751A.

Type Description
Simple ASCII Plain language commands for human and simple machine communications. Use for metering, setting, self-test
ple status, event reporting, and other functions.
s ced ASCII omma-delimited ASCII data veporty Allows exteraal devices to obtain refay data 1 an appropriate format for
,qmp s FIC direct impott into spreadsheets and daabase progiams Data are checksum protected . 2 m o
Binary protocol for machine-to-machine communications.
Quickly updates SEL communications processors, RTUs, and other substation devices with metering
Extfndc;lr:;st et information, relay element, I/0 status, time-tags, open and close commands, and summary event reports. Data
ast Op are checksum protected. Binary and ASCII protocols operate simultaneously over the same communications
lines so control operator metering information is not lost while a techmclan is transferrmg an event rcport
Fast SER Piotozol Provides SER events to an automated data collection system e P o PR
Modbus Serial- or Ethemet-based Modbus with point remapping. Includes access to metermg data protectlon elements,
contact I/O, targets, SER, relay summary event reports, and settmg groups.
Seutal or Ethernet-based [FP3 protocols - H i
DNP3 Provides default and mappable DMP3 obyects that mclude access (o metening data motecuun eIemean G B4
Relay Word bat~, contact IO, targets, SER 1€lay summary event reports and setting group seleciion
IEC 61850 Ethernet-based intemational standard for interoperability between intelligent devices in a substation, Operates
remote bits and 1/0. Monitors Relay Word bits and analog quantities
Synchrophasors IEEE €37 118-comphiant synchrophasors tot system state, 1esponse, and contiol capabiliies. = i
. The SEL-3010 allows users to receive alerts sent directly to their cell phone. Alerts can be triggered through
Event Messenger
relay events and can include quantities measured by the relay.
I Allyws for connection to a Levice™et network for acoess to mete:rmg data, proten.non elements cnntam 1O,
DeviceNet : » i =,
targets and setting groups v I TR
SNTP Ethemet-based protocol that provides time synchromzanon of thc relay

Apply an SEL communications processor as the hub of a
star network, with point-to-point fiber or copper connection
between the hub and the SEL-751A (Figure 8).

The communications processor supports external
communications links including the public switched
telephone network for engineering access to dial-out
alerts and private line connections of the SCADA system.

Schweitzer Engineering Laboratories, Inc.
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Diat-Up ASCII Link —| |— SCADA Link

ASCII Reports Plus
Interleaved Binary Data

SEL Communications Processor

SEL ToIA

Figure 8 Example Communication 5ystem

SEL-T51A Data Sheet



10

SEL. manufactures a varicty of standard cables for
connecting this and other relays to a variety of external
devices. Consult your SEL representative for more
information on cable availability.

SEL-751A control logic improves integration in the

following ways:

» Replaces traditional panel control switches. Eliminate
traditional panel control switches with 32 local bits.
Set, clear, or pulse local bits with the front-panel push-
buttons and display. Program the local bits into your
control scheme with SELOGIC control equations. Use
the local bits to perform functions such as a trip test or
a breaker trip/close.

» Eliminates RTU-to-relay wiring. Eliminate RTU-to-
relay wiring with 32 remote bits. Set, clear, or pulse
remote bits using serial port commands. Program the
remote bits into your control scheme with SELOGIC
control equations. Use remote bits for SCADA-type
control operations such as frip, close, and settings
group selection.

» Replaces traditional latching relays. Replace up to 32
traditional latching relays for such functions as
“remote control enable” with latch bits. Program latch
set and latch reset conditions with SELOGIC control
equations. Set or reset the nonvolatile latch bits using
optoisolated inputs, remote bits, local bits, or any pro-
grammable logic condition. The latch bits retain their
state when the relay loses power.

» Replaces traditional indicating panel lights. Replace
traditional indicating panel lights with 32 programma-
ble displays. Define custom messages {(e.g., Breaker
Open, Breaker Closed) to report power system or
relay conditions on the front-panel display. Use
Advanced SELOGIC control equations to control which
messages the relay displays.

» Lliminate external timers. Eliminate external timers
for custom protection or control schemes with 32 gen-
eral purpose SELOGIC control equation timers. Each
timer has independent time-delay pickup and dropout

SEL-7514 Data Sheet
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settings. Program each timer input with any desired
element (e.g., time qualify a current element). Assign
the timer output to trip logic, transfer trip communica-
tions, or other control scheme logic.

» Eliminate settings changes. Selectable setting groups
make the SEL-751A ideal for applications requiring
frequent setting changes and for adapting the protec-
tion to changing system conditions.

The relay stores three sctting groups. Select the active
setting group by optoisolated input, command, or other
programmable conditions: Use these setting groups to cover
a wide range of protection and control contingencies.

Switching setting groups switches logic and relay element

settings. Program groups for different operating
conditions, such as feeder paralleling, station
maintenance, seasonal operations, emergency

contingencies, loading, source changes, and downstream
relay setting changes.

Fast SER Protocol

SEL Fast SER Protocol provides SER events to an auto-
mated data collection system. SEL Fast SER Protocol is
available on any rear serial port. Devices with embedded
processing capability can use these messages to enable
and accept unsolicited binary SER messages from
SEL-751A relays.

SEL relays and communications processors have two
separate data sireams that share the same serial port. The
normal serial interface consists of ASCII character
commands and reports that are intelligible to people using
a terminal or terminal emulation package. The binary data
streams can interrupt the ASCII data stream to obtain
information, and then allow the ASCII data stream to
continue. This mechanism allows a single
communications channel to be used for ASCI
communications (e.g., transmission of a long event
report) interleaved with short bursts of binary data to
support fast acquisition of metering or SER data.

Schweitzer Engineering Laboratories, Inc.
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Ethernet Network Architectures

cables with RJ-45 connectors
(SEL-C627/C628) for
copper Etger"et iotts Ethernet Switch
R
Fiber-optic Ethernet cables with
LC connectors (SEL-C80B) for
fiber-optic Ethemet ports

CAT 5 shiekded twisted pair (STP) I

bt

\\-\
Part 1 Port Port] O portt

Port 1 Port 1
| SELTSIA | ]_s_EL-mos| | seeer | [ smsm | | smst || seeo |

Set Port 1 (Ethernet) settings in each relay.
Figure © Simple Ethernet Network Configuration

CAT 5 shielded twisted pair (STP) cables with RJ-45
connectors {SEL-C627/C628) for copper Ethernet ports
OR
Fiber-optic Ethernet cables with LC connectars
(SEL-CBOB) for fiber-optic Ethernet ports

Ethernet Switch A Ethernet Switch B

W 8 kB A B A B A B B
[sursu | [seroo6 | [serer | [sersm] [ s | [ seerio |
Set Port 1 (Ethernet) settings in each relay.
Figure 10 Simple Ethernet Network Configuration With Dual Redundant Connections (Failover Mode)

CAT 5 shielded twisted pair (STP) cables ]

with RJ-45 connectors (SEL-C627/C626)
for copper Ethernet ports
OR Ethernet Switch (Managed)
Fiber-optic Ethernet cables with
LC connectors (SEL-CBO8} for
fiber-optic Ethernet ports

' )
1A 1B 1A 1B 1A 18 1A 1B 1A 1B 1A 18
SEL7S1A [su—moe | SEL—?BT—I | st || SEL-751—| | SEL-TIO—I

Set Port 1 (Ethernet) settings in each relay.
Figure 11 Simple Ethernet Network Conflguration With Ring Structure (Switched Mode)
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MIRRORED BITs Relay-to-Relay
Communications

The SEL-patented MIRRORED BITS communications tech-
nology provides bidirectional relay-to-relay digital com-
munications. MIRRORED BITS can operate independently
on up to two EIA-232 rear serial ports and one fiber-optic
rear serial port on a single SEL-751A.

This bidirectional digital communication creates eight
additional virtual outputs (transmitted MIRRORED BITS)
and eight additional virtnal inputs (received MIRRORED
BITS) for each serial port operating in the MIRRORED BITS
mode (see Figure 12). Use these MIRRORED BITS to
transmit/receive information between upstream relays and
a downstream recloser control (e.g., SEL-351R) to
enhance coordination and achieve faster tripping for
downstream faults. MIRRORED BITS technology also helps
reduce total scheme operating time by eliminating the
need to assert output contacts to transmit information.

SEL-T5IA SEL-351R Relay 2
TMBI TMBI
TMB2 TMB2
Transmit ; ; Transmit
THBS TMBG
RMB RME1
. RMB2 RiB2 .
Receive : - Raceive
RMES RMB3

Figure 12 MIRRORED BITS Transmit and Receive Bits

SEL-T51A Data Sheet

Status and Trip Target LEDs

The SEL-751A includes 16 status and trip target LEDs on
the front panel. When shipped from the factory, all LEDs
are predefined and fixed in settings. You can reprogram
these LEDs for specific applications. This combination of
targets is explained and shown in Figure 14. Some front-
panel relabeling of LEDs may be needed if you repro-
gram them for unique or specific applications—see Con-
Jigurable Labels.

Event Messenger Points

The SEL-751A, when used with the SEL-3010 Event
Messenger, can allow for ASCII-to-voice translation of as
many as 32 user-defined messages, along with analog
data that has been measured or calculated by the relay.
This combination can allow the user to receive voice mes-
sages on any phone for alerts to transition of any Relay
Word bits in the relay.

Verbal notification of breaker openings, fuse failures,
RTD alarms, etc. can now be sent directly to your cell
phone through the use of your SEL-751A and SEL-3010
{(must be connected to an analog telephone line). In
addition, messages can include an analog value such as
current, voltage, or power measurements made by the
SEL-751A.

Configurable Labels

Use the optional configurable labels to relabel the opera-
tor contrels and LEDs (shown in Figure I14) to suit the
installation requirements. This feature includes preprinted
labels (with factory default text), blank label media, and a
Microsoft® Word template on CD-ROM. This allows
quick, professional-looking labels for the SEL-751A.
Labels may also be customized without the use of a PC by
writing the new label on the blank stock provided. The
ability to customize the control and indication features
allows specific utility or industry procedures to be imple-
mented without the need for adhesive labels. All of the
figures in this data sheet show the factory default labels of
the SEL-751A, including the standard model shown in
Figure 14.

Schweitzer Engineering Laboratories, Inc.
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Feeder protection shall be provided by a microprocessor-based relay equipped with the following protection, monitor-
ing, control, automation, and reporting functions. Self-checking functions shall be included. Specific requirements are as

follows,

Protection and Control

» Phase, neutral, residual, and negative-sequence over-
current elements (S0P/50N/50G/50Q)

» Phase, neutral, residual, and negative-sequence time-
overcurrent elements (51P/51N/51G/51Q)

» Current-based over- and underfrequency (81)
» Breaker/contactor failure
» Autoreclosing control (79)

Optionally, the relay shall provide the following

protection elements.

» Arc-flash detection and arc-flash overcurrent (S0PAF,
50NAF)

» Over- and undervoltage (59, 59G, 59Q, 27)

» Power elements (32)

» Power factor (55)

» Voltage-based over- and underfrequency (81)

» Rate-of-change of frequency (31R)

» Loss-of-potential (60)

» Synchronism check (25)

» Measured residual overcurrent (50G/51G)

» Fast rate-of-change of frequency (81RF) for Aurora
mitigation

Temperature Inputs

Availability of up to 12 RTD inputs in an external module

(SEL-2600 with ST option) or 10 RTD inputs with an

internal card, which, when included, shall have the fol-

lowing features:

» Optical fiber transmission of RTD temperatures (using
SEL-2600) to relay: range > 1000 m

» Separately field-selected RTD types: Pt100, Nil00,
Ni120, or Cul0

» Noise immunity (50 Hz and higher) on RTD inputs up
to 1.4 Vacpeqy

» One contact input (with SEL-2600)

Schweitzer Engineering Laboratories, Inc.

PAGE 124

Automation

» 32 local control logic points, 32 remote control logic
points, 32 latching logic points, 32 counters, 32 math
variables, 32 logic variables, and 32 timers

» SELOGIC control equations with Boolean and math
equations capability for logic and control

Communications/Integration

> ASCII, Modbus RTU, DeviceNet, Event Messenger,
MIRRORED BITS, SNTP, Telnet, FTP, Modbus TCP,
DNP3 serial and LAN/WAN, IEEE C37.118 (synchro-
phasor data), and IEC 61850 protocols

» One front-panel E1A-232 port and one rear-panel EIA-
232 or EIA-485 port, one optional ST fiber-optic serial
port, and an optional single or dual, copper or fiber-
optic Ethernet port(s)

» Capability for an additional rear-panel ETA-232 or
EIA-485 port

» Windows®-based PC software for setting, report
retrieval, metering, HMI. and control.

Front-Panel Visualization

» The front panel shall be capable of displaying mea-
sured values, calculated values, IO status, device sta-
tus, and configuration parameters on a front-panel
LCD display.

» The display shall have a rotating capability to display
custom messages and data. Thirty-two display
messages shall be provided.

» The front panel shall also have a minimum of six user-
programmabie LEDs and four user-programmable
pushbutton controls with eight programmable LEDs.

SEL-751A Data Sheet
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Monitoring and Reporting

» Load-profile monitoring: Provide periodic snapshot
(selectable rate from every 5 to 60 minutes) of up to 17
selectable analog quantities

» Metering: The relay shall include metering capabilities
for real-time current, voltage, power, energy qualities,
and phase demand and peak demand current and
power values. RTD temperature metering, synchropha-
sor data metering, and minimum/ maximum metering
shall also be included. The arc-flash protection shall
include light metering.

» Event summaries: Fault type and trip data, including
time of tripping

» Event reports: 15-cycle length (up to 77 reporis) or 64-
cycle length (up to 19 reports) with 4 or
16 samples/cycle resolution

» SER: Up to 1024 time-tagged, most recent input,
output, and element transitions

» Data stored in nonvolatile, Flash memory

» Station battery monitor with two levels of detection
(monitoring package)

» Breaker wear monitoring

» Event report with arc-flash light input

Synchronized Phasor Measurements

» The relay shall provide high-accuracy phasor measure-
ments for voltages and currents if an IRIG-B signal is
available.

» The relay shall provide a selectable synchrophasor
data update rate of 1-10 times per second.

SEL-751A Data Sheet
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Hardware

» Operating temperature range of —40° to +85°C

» Power supply input operating voltage range of
24/48 Vdc, 125/250 Vdc, or 120/240 Vac

» Demodulated IRIG-B time-synchronization
capability

» Optional 10 internal RTD inputs or 12 external RTD
inputs

» 5 A orlA, ac current inputs IA, IB, IC, and IN with
optional 2.5 mA or 50 mA sensitive IN input

» Optional 5 A or 1 A ac residual current input IG

input

» 300 V maximum, 3 ac voltage inputs, synchronism-
check voltage input, station battery voltage input, and
arc-flash detection (AFD) inputs

» Electromechanical or optional fast hybrid (high-
speed, high-current interruption) digital outputs

» Optoisolated digital inputs

» Jumper-selectable current (up to £20 mA range} or
voltage (up to £10 V range) analog inputs

» Relay front panel shall meet the requirements of
NEMA 12/TP65

» Class 1, Division 2 Hazardous Locations certification

Service and Support

» Reliability: The vendor shall supply the actual
measured Mean Time Between Failures (MTBF) for
the device upon request.

» Manufacturer: The device shall be manufactured in the
US.A.

» Conformal Coating: The device shall have optional
conformal coating to protect the circuit boards from
harsh environments.

» Warranty: The device shall include a ten-year, no-
questions-asked warranty for all material and
workmanship defects. In addition, the warranty shall
cover accidental, customer-induced damage.

Schweitzer Engineering Laboratories, Inc.
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Figure 13 Wiring Diagram SEL-751A
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Panel Diagrams
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Relay powered properly/seif-tests are okay
Trip occurred

Instantaneous/definite time overcurrent trip
Phase time-overcurrent trip

Ground/neutral time-overcurrent trip
Negative-sequence time-overcurrent frip
Over-/underfrequency trip

Breaker failure trip

o

—

SELEEE. —omaaan

Figure 14 Front Panel With Default Configurable Labels
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(B) Side-Panel Input and Qutput Designations

4246

Figure 15 Dual Fiber Ethernet With Enhanced Veltage Option With Monitoring Package, DeviceNet, Fiber-Optic Serial
Port, and Fast Hybrid 4 D{/4 DO
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(B) Side-Panel Input and Qutput Designations
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Figure 16 Fiber-Optic Serial, Ethernet, EIA-232 Communication, 4 DO/3 DI/1 AD, and 3 AVI/4 AFDI Voltage Option
With Arc-Fiash Detector Inputs
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Figure 18 Fiber-Qptic Serial, DeviceNet, Fast Hybrid 4 DI /4 DO, and Voltage Option

Relay Dimensions
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Figure 19 SEL-751A Dimenslons for Rack- and Panel-Mount Models
SEL-751A Data Sheet Schweitzer Engineering Laboratories, Inc.

PAGE 129



79K39410

19
Specifications
General 24/48 Vdc
Rated Supply Voltage: 2448 Vde
AC Current Input
Input Voltage Range: 19.2-60 Vde
Phase, Neutral, and Residual Currents Power Consutiiption: 220 W (do)
Inon =1 A, 5 A, 50 mA, or 2.5 mA (high sensitivity) secon .
}:iggending on m(:u:lelinA1 (high Vi) dary Interruptions: 10 ms @ 24 Vdc
' 50 ms @ 48 Vdc
INOM=5A
Output Contacts
Rated Range (X/R = 40): 0.10-100.00 A
Continuous Rating: 15A General
B 0UT103 is Form C Trip output, all other outputs are Form A, except
ipccondiRenmal Sl for the SELECT 4 D13 DO card, which supports one Form-B and
Rated Frequency: 50/60 +5 Hz two Form-C outputs.
Burden (Per Phase): QL1 VA Mechanical Durability: 10,000 no load operations
INOM=14 Pickup, Dropout Time: :8 mg (coil energization to contact
1
Rated Range OUR =40y 0.02-20.00 A closurc)
Continuous Rating: 15A DC Output Ratings
} . .
1 Second Thermal: 100 & Rated Operational Voltage: 250 Vide
Rated Frequency: S0/60 £5 Hz Rated Voltage Range: 19.2-275 Vde
Burden (Per Phase): 0,01 VA Rated Insulation Voltage: 300 Vdc
INOM = 50 mA Make: 3.0 A @ 250 Vde per IEEE C37.90
Continuous Carry: 5A@70-C
Rated Range CUR =40):  5.0-1000.0 mA am PP % i
Continuous Rating: 15A Thermal: SOAforls
1 Second Thermal: 1002 Contact Protection: 360 Vdc, 40 ] MOV protection
Rated Frequency: 50/60 +5 Hz across open confacts
Burden (Per Phase): 12 mVA Breaking Capacity (10,000 Operations) per IEC 60255-0-20:1974:
INOM = 2.5 mA 24Vde 75A L/R =40 ms
Rated Range (XR =40y,  0,13-12.50 mA 48Vde 050A LR=40ms
Continyous Rating: 15A 125Vde 030A L/R =40 ms
1 Second Therma: 100 A 250vde 020A L/R =40 ms
Rated Frequency: 50'60=5 Hz Cyeclic (2.5 Cycles/Second) per IEC 60255-0-20:1974:
Burden (Per Phase): 20.1 mVA 24Vde 0754 L'R=40ms
Measurement Category: I 48Vde 050A L/R— 40 ms
Ac Voltalje |npllts 125Vde 030A L/R =40 ms
Rated Operating 250vVde 0204 LR =40 ms
Voltage (U): 100-250 Vac AC Output Ratings
Rated Continuous Voltage: 300 Vac Maximum Operational
10 Second Thermal: 600 Vac Voliage (U, Rating: 240 Vac
, Insulation Voltage (1J;)
Rated Frequency: 50/60 +5 Hz Rating (Excluding i
Burden: 00 VA EN 61010-1): 300 Vac
Input Impedance: 10 Mohm differential Utilization Category: AC-15 (control of electromagnetic
5 Mohm common mode loads: 72 VA)
Power Supply Contact Rating Designation: B300 (B =35 A, 300 = rated
insulation voltage)
125/250 Vdc or 120/240 Vac Voltage Protection Across
Rated Supply Voltage: 110-240 Vae, 50/60 Hz Open Contacts: 270 Vac, 40 J
110-250 Vdo Rated Operational 3IA@ 120 Vac
Input Voltage Range: 85-264 Vac Current (Ip): 1.5 A @ 240 Vac
85-275 Vdo Conventional Enclosed
Powet Consumption; 40 VA (ac) Thermal Current (Iy,,)
20 W (dc) Rating: SA
Interruptions: 50 ms @ 125 Vac'Vde Rated Frequency: 50/60+5 Hz
100 ms @ 250 Vac/Vde
Schweitzer Engineering Laboratories, Inc. SEL-751A Data Sheet
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Electrical Durability Make
VA Rating; 3600 VA, cos p=0.3
Electrical Durability Break
VA Rating: 360 VA, cos =03

UL/CSA Digital Output Contact Temperature Derating for Operating at
Elevated Temperatures

Digital Qutput Operating Maximum Value
Cards Installed Ambient of Curreni (lyp)  Duiy Factor
1-3 less than or equal 50A Continuous
to 60°C
1-3 between60°Cand  2.5A Continuous
70°C
Fast Hybrid (High-Speed, High-Current Interrupting)
Make: 30A
Carry: 6 A continaous carry at 70°C
4 A continnous carry at 85°C
1 s Rating: 50 A
MOV Protection (Maximum
Voltage): 250 Vac'330 Vde
Pickup Time: 250 us, resistive load
Drropout Time: < § ms, resistive load
Break Capacity (10000 Operations):
48 Vde 100 A L/R =40 ms
125 Vde 100A L/R = 40 ms
250 Vdc 100A L/R =20 ms

Cyeclic Capacityr (4 eycles in 1 second, followed by 2 minutes idle
for thermal dissipation):

48 Vdc 100A L/R =40 ms
125 Vde 100 A LR=40ms
250 Vde 100 A L/R=20ms

NOTE: Per IEC 50255-23:1994, using the simplified method of
assessment,
NOTE: Make rating per IEEE C37.90-1989,

Optoisolated Control inputs
When Used With DC Control Signals

250V ON for 200-312.5 Vd¢
OFF below 150 Vdc
220V ON for 176-275 Vdc
QOFF below 132 Vdc
125 v ON for 100-156.2 Vdc
QOFF below 75 Vdc
110V ON for 88-137.5 Vdc
OFF below 66 Vdc
48V ON for 38.4-60 Vdc
OFF below: 28.8 Vdc
24V ON for 1530 Vde
OFF for -5 Vdc
When Used With AC Control Signals
250V ON for 170.6-312,5 Vac
OFF below 106 Vac
220V ON for 150.2-275 Vac
OFF below 93.3 Vac
125 V: ON for 85-156.2 Vac
OFF below 53 Vac
110V: ON for 75.1-137.5 Vac
OFF below 46,6 Vac
48V ON for 32.8-60 Vac
OFF below 20.3 Vac
247, ON for 1430 Vac

OFF below 5 Vac

SEL-751A Data Sheet

Current Draw at
Nominal DC Voltage:

Rated Impulse Withstand
Voltage (Uippk:

Analog Output (Optional)

Current:

Voltage:

Load at I mA:

Load at 20 mA:

Load at 10 ¥

Refresh Rate:

% Error, Full Scale, at 25°C:
Select From:

Analog Inputs (Optional)
Maximum Input Range:
Input Impedance:

Accuracy at 25°C;
With User Calibration:

‘Without User Calibratton:

Accuracy Variation With
Temperature:

79K39410

2 mA (at 220-250 V)

4mA (at 48-125 V)

10 mA (at 24 V)

4000V

1A0 4A0

4-20 mA +20 m&
+10V
0-15 k02

0-300 02 075002
>2000 2

100 ms 100 ms

“£1% <+0.55%

Analog quantities available in the
relay

+20 mA
=10V
Operational range set by user

200 £ (current mode)
- 10 kQ (voltage mode)

0.05%% of full scale (current mode)
0.025% of full scale (voltage mode)

Better than 0.5% of full scale at
25°C

+0.015% per °C of full-scale
{20 mA or £10 V)

Arc-Flash Detectors (Optional}

Multimode fiber-optic receiver. transmitter pair

Fiber Type:

Connector Type:

1000 pm diameter, 640 mm
wavelength, plastic, bare, or
jacketed

V-Pin

Frequency and Phase Rotation

System Frequency:

Phase Rotation:

Frequency Tracking:
Time-Code Input

Format:

On (1) State:

Off {0) State:

Input Impedance:

Accuracy:

Simple Network Time

Protocol (SNTP) Accuracy
Internal Clock:

Communications Ports
Standard EIA-232 (2 Ports)

Location:

Data Speed:

50,60 Hz
ABC, ACB
1570 Hz

Demodulated IRIG-B
Vi, 222V
Vy£08V
2kQ

Relay time is synchronized to within
=1 ms of time-source input.

+5 ms

Front Panel
Rear Panel

300-38400 bps

Schweitzer Engineering Laboratories, Inc.
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EIA-485 Port (Optional)
Location: Rear Panel
Data Speed: 300-19200 bps
Ethernet Port (Optional)

Singie;Dual 10/100BASE-T copper (RI-45 connector)}
SingleDual 100BASE-FX (L.C connector)

Multimeode Fiber-Optic Port (Optionah)
Location: Rear panel
Data Speed: 300-38400 bps

Fiber-Optic Ports Characteristics

Port1 (or 1A, 1B) Ethernet

Wavelength: 1300 nm
Optical Connector Type: LC
Fiber Type: Multimode
Link Budget: 16.1dB
Typical TX Power: -15.7 dBm
RX Min. Sensitivity: —31.8 dBm
Fiber Size: 62.5/125 pm
Approximate Range: ~6.4 Km
Data Rate: 100 Mb
Typical Fiber Attenuation: -2 dB/Km
Port 2 Serial
Wavelength: 820 nm
Optical Connector Type: 5T
Fiber Type: Multimode
Link Budget: 8dB
Typical TX Power: —16 dBm
RX Min. Sensitivity: —24 dBm
Fiber Size: 62.5/125 jum
Approximate Range: ~1 Km
Data Rate: 5Mb

Typical Fiber Attenuation: —4 dB'Km
Channels 1-4 Arc-Flash Detectors (AFDI)

Wavelength: 640 nm
Optical Connector Type; V-Pin
Fiber Type: Multimode
Link Budget: 27dB
Ty pical TX Power: -12 dBm
RX Min. Sensitivity: -39 dBm
Fiber Size: 1000 pm
Approximate Range: To 35 m {Point Sensor)
To 70 m (Bare-Fiber Sensor)
Data Rate: NA

Typical Fiber Attenuation:  —0.15 dB/m

Optional Communications Cards

Option 1: ELA-232 or EIA-485
communications card

Option 2: DeviceNet communications card

Schweitzer Engineering Laborataries, Inc.
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Communications Protocols

SEL, Modbus, DNP3, FTP, TCP TP, Telnet, SNTP, IEC 61850,
MIRRORED BiTS, EVMS(G, C37.118 (synchrophascrs) and
DieviceNet.

Operating Temperature

IEC Performance Rating
(Per IEC/EN 60068-2-1 &
60068-2-2): —40° to +85°C (—40° to +185°F)

NOTE: Not applicable to UL applications.
NOTE: LCD contrast impaired for temperatures below —20°C and
above +70-C,

DeviceNet Communications
Card Rating: +60°C (140°F) maximum

Operating Environment

Pollution Degree: 2

Overvoltage Category: I

Atmospheric Pressure: 80-110 kPa

Relative Humidity: 5-95%, noncondensing

Maximum Altitude: 2000 m
Dimensions

144.0 mm (5,67 in,) x 192.0 mm (7,56 in.} x 147.4 mm (5,80 in.)
Weight

2.7 kg {6.0 bs)

Relay Mounting Screws (3#8-32} Tightening Torque
Minimum: 1.4 Nm (12 in-1b)
Maximum: 1.7 Nm (15 in-1b)

Terminal Connections

Terminal Block

Screw Size: #6

Ring Terminal Width: 0.310” maximum
Terminal Block Tightening Torque

Minimum: 0.9 Nm (8 in-lb)

Maximum: 1.4 Nm (12 in-Ib}
Compression Plug Tightening Tergue

Minimum: 0.5 Nm (4.4 in-lb)

Maximum; 1.0 Nm (8.8 in-Ib)
Compression Plug Mounting Ear Screw Tightening Torque

Minimum; 0.225 Nm (1.6 in-1b)

Maximum; 0.25 Nm (2.2 in-lIb)

Type Tests -

Environmental Tests

1EC 60529:2001 + CRDG:2003

IP65 enclosed in panel

IP20 for terminals

P54 rated terminal dust protection
assembly (SEL Part #315900170),
10°C temperature derating applies
to the temperature specifications of
the relay.

Enclosure Protection:

Vibration Resistance: 1EC 60063-2-6:2007
3G, 10-150 Iz
IEC 60255-21-1:1988, Class 1
TEC 60255-21-3:1993, Class 2
Shock Resistance; TEC 60255-21-2; 1988, Class 1

SEL-751A Data Sheet



22

Cold: IEC 60068-2-1:2007
—40°C, 16 heurs

Damp Heat, Steady State: [EC 50068-2-78:2001
40°C, 93% relative humidity, 4
days

Damp Heat, Cyclic: IEC 60068-2-30:2005
25-55°C, & cycles, 95% relative
humidity

Dry Heat: 1IEC 60068-2-2: 2067

85°C, 16 hours

Dielectric Strength and Impulse Tests

Dielectric (HiPot): [EC 60255-5:2000
IEEE C37.90-2005
2.5 k'Vac on current inputs, ac
voltage inputs, contact L'O
2.0 kVac on analog inputs
1.0 kVac on analog outputs
2.83 k'Vdc on power supply

Tmpulse: 1EC 60255-5:2000
IEEE C37.90-2005
0.5 J, 4.7 kV on power supply,
contact
10, ac current and vollage inputs
0.5 ], 530 V on analog outputs

RFI and Interference Tests

EMC Immunity
Electrostatic Discharge 1IEC 61000-4-2:2008
Immunity: IEC 60255-22-2:2008
Severity Level 4
8 kV contact discharge
15 kV air discharge
Radiated RF Immunity: IEC 61000-4-3:2010
1EC 60255-22-3:2007
10 V.m
TEEE (C37.90.2-2004
35 Vim
Digital Radio
Telephone RF Immunity: ENV 50204:1995
Fast Transient, Burst IEC 61000-4-4:2004
Immunity: 1EC 60255-22-4:2008
4kV @ 50kHz

2kV @ 5.0 kHz for comm, ports

1EC 61000-4-5; 2005
1IEC 60255-22-5:2008
2 kV line-to-line
4 kV line-to-earth

Surge Withstand Capability 1EC 60255-22-1:2007
Immunity: 2.5 kV common mode
1 kV differential mode
1 kV common mode on comm.
ports
IEEE C37.90.1-2002
2.5 kV oscillatory
4 kV fast transient

Conducted RF Immunity: IEC 61000-4-6: 2008
IEC 60255-22-6: 2001

10 Vrms

Magnetic Field Immunity:  IEC 61000-4-8:2009
1000 A.'m for 3 seconds
100 A'm for 1 minute
IEC 61000-4-9; 2001
1000 A/m

Power Supply Immunity: IEC 60255-11:2008

Surge Immunity:

SEL-7T51A Data Sheet
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EMC Emissions

Conducted Emissions: EN 55011:1998, Class A
IEC 60255-25:2000
Radiated Emissions: EN 55011:1998, Class A

IEC 60255-25:2000

Electromagnetic Compatibility

Product Specific: EN 50263:1999
Certifications
150 9001: This product was designed and
manufactured under an IS 9001
certified quality management
system,
UL, eUL™: Protective Relay Category NRGU,

NRGU7 per UL 508, C22.2 No. 14

* UL has not yet developed requirements for products intended to
detect and mitigate an arc flash; consequently, UL has not evaluated
the performance of this feature. While UL is developing these
requirements, it will place no restriction on the use of this product for
arc-flash detection and mitigation. For test results petformed by an
independent laboratory and other information on the performance and
verification of this feature, please contact SEL customer service,

CSA: C22.2 No. 61010-1

CE: CE Mark-EMC Directive
Low Voltage Directive
TEC 61010-1:2001
IEC 60947-1
IEC 60947-4-1
[EC 60947-5-1

Hazardous Locations Complies with UL1604, ISA
Approvals: 12.12.01, C8A 22.2 No. 213, and
EN 60079-15 (Class 1, Division 2).

Processing Specifications and Oscillography - = .

AC Voltage and
Current Inputs: 16 samples per power system cycle
Frequency Tracking Range: 15-70 Hz
Digital Filtering: One-cycle cosine after low-pass
analog filiering. Net filtering
(analog plus digital) rejects dc
and all harmonics greater than
the fundamental.
Protection and Processing interval is 4 times per
Control Processing: power system cycle (except for

math variables and anzlog
quantities, which are processed

every 100 ms)
Arc Flash Processing: Arc Flash light is sampled 32 times
per cycle.
Arc Flash current, light, and 2 fast
hybrid cutputs are processed 16
times per cycle.
Oscillography
Length: 15 or 64 cycles
Sampling Rate: 16 samples per cyele, unfiltered
4 samples per cycle, filtered
Trigger: Programmable, using Boolean
expressions
Format: ASCIT and Compressed ASCII
Time-Stamp Resolution: 1 ms
Time-Stamp Accuracy: +5ms
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Sequential Events Recorder
Time-Stamp Reselution: 1ms

Time-Stamp Accuracy (With
Respect to Time Source):  +5 ms

Relay Elements

Instantaneous/Definite-Time Overcurrent (50P, 506, 50N, 50Q)
Pickup Setting Range, A Secondary

5 A Models: 0.50-100.00 A, 0.01 A steps
1 A Models: 0.10-20.00 A, 0.01 A steps
50 mA Models: 5.0-1000.0 mA, 0.1 mA steps
2.5 mA Models: 0.13-12.50 mA, 0.01 mA steps
(The 50N elements in the 2.5 mA
and 50 mA models have a built-in
30 ms security qualifier time
delay.)
Accuracy: +5% of setting +0.02 « Iyapm
A secondany (Steady State pickup)
Time Delay: 0.00-5.00 seconds, 0.01 seconds
steps
Pickup/Dropout Time: <1.5 cycles

Arc-Flash Instantaneous Overcurrent (S0PAF, SONAF)
Pickup Setting Range, A Secondary

5 A Models: 0.50-100.00 A, 0.01 A steps
1 A Medels: 0.10-20.00 A, 0.01 A steps
Accuracy: 0 o +10% of sefting +0.02 » Iygpg

A secondary (Steady State pickup)
Pickup/Dropout Time: 2-5me'1 cycle
Arc-Flash Time-Overlight (TCL1-TOL4)

Piclup Setting Range, % of
Full Scale: 3,0-20.0%
Pickup. Dropout Time: 2-5 ms/1 cycle

inverse-Time Qvercurrent (51P, 516, 51N, 510)
Pickup Setting Range, A Secondary:

5 A Models: 0.50-16.00 A, 0.01 A steps
1 A Models: 0.10-3.20 A, 0.01 A steps
50 mA Models: 5.0-160.0 mA, 0.1 mA steps

2.5 mA Models: 0.13-2.00 mA, 0.01 mA steps

Accuracy: +5% of setting £0.02 » Iyopg A
secondary (Steady State pickup)

Time Dial
U.s.: 0.50-15.00, 0.01 steps
1IEC: 0.05-1.00, 0.01 steps
Accuracy: +1.5 cveles, +4% between 2 and 30
multiples of pickup (within rated
range of current)

Schweitzer Engineering Laboratories, Inc.
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Undervoltage (27)
Setting Range; Off, 0.02-1.00 « Vnm
Accuracy: + 1% of setting £0.5 V (£5% of
setting =2 V with the xx71xx card)
Pickup. Dropout Time: 4.5 cycles
Overvoltage {59, 596G, 59Q)
Setting Range: Off, 0.02-1.20 « Vom
Accuracy: +1% of setting £0.5 V (= 5% of
setting = 2 'V with the xx71xx
card)
Pickup:Dropout Time: 1.5 cycles
Power Elements (32)
Instantaneous/Definits Time,
3 Phase Elements Type: +W, -W, +VAR, —VAR
Pickup Setting Range, VA Secondary:
5 A Models: 1.0-6500.0 VA, 0.1 VA steps
1 A Models: 0.2-1300.0 VA, 0.1 VA steps
Agcuracy: =0.10 A = (L-L voltage secondary)
and =5% of setting at unity power
factor for power elements and zero
power factor for reactive power
elements (5 A nominal)
+0.02 A = (L-L +oltage secondary)
and =5% of sefting at unity power
factor for power elements and zero
power factor for reactive power
elements (1 A nominal)
PickupDropout Time: 10 cycles
Power Factor (55)
Setting Range: Off, 0.05-0.99
Accuracy: +5% of full scale
for current = 0.5 « INOM
Frequency (81)
Seiting Range: Cff, 20.00-70.00 Hz
Accuracy: +0.01 Hz {V1: 60 V) with ~oltage
tracking
0,05 Hz (11> 0.8 = Inom) with
current tracking
Pickup Dropout Time: -4 cycles
Rate-of-Change of Frequency (BiR)
Setting Range; Off, 0.10-15.00 Hz/s
Accuracy: +100 mHz’s, £3.33% of pickup
Synchronism Check (25}
Pickup Range, Secondary
Voltage: 0.00-300.00 V
Pickup Accuracy, Secondary 1% £0.5 volts (over the range of
Voltage: 12.5-300 V)
Slip Frequency Pickup
Range: 0,05 Hz-0.50 Hz
SEL-751A Data Sheet
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Slip Frequency Pickup
Accuracy: +0,05 Hz
Phase Angle Range: 0-80°
Phase Angle Accuracy: +4°

Synchronism-Check Undervoitage (275)

Setting Range: Off, 2.00-300.00 V
Accuracy: +1% of setting +0.5 V

(over the range of 12.5-300 V)
Pickup/Dropout Time: 1.5 cycles

Synchronism-Check Overvoltage (595)

Setting Range: Off, 2.00-300.00 V
Accuracy: +1% of setting £0.5 V

(over the range of 12,5-300 V)
PickupDropout Time: 1.5 cycles

Station Battery Voltage Monitor

Operating Range: 0-350 Vdc (300 Vdc for UL
purposes)

Pickup Range: 20.00-300.00 Vde

Pickup Accuracy: +2% of setting +2 Vdc
Timers

Setting Range: Various

Accuracy: +0.5% of setting + 1/4 cycle
RTD Protection

Setting Range: Off, 1-250°C

Accuracy: +2°C

RTD Open-Circuit

Detection: »250°C

79K39410

RTD Short-Circuit
Detection: +50°C

RTD Types: PT100, NI100, NI120, CTT10

RID Lead Resistance: 25 ohm max. per lead

Update Rate: 3s

Noise Immunity on RTD To 1.4 Vac (peak) at 50 Hz or greater
Inputs: frequency

‘Metering

Accuracies are specified at 20°C, nominal frequency, ac currents
within (0.4-20.0} » Iyong A secondary, and ac voitages within
50-250 V secondary unless otherwise noted.

Phase Currents: +2% of reading, +2°
3-Phase Average Current:  +2% of reading
Current Imbalance (%): +2% of reading
IG (Residual Current): +3% of reading, £2°
IN (Neutral Current): +2% of reading, +2°
312 Negative-Sequence
Current: +3% of reading
System Frequency: +0.01 Hz of reading for frequencies
within 20.00-70.00 Hz (v1:-
60 V') with voltage tracking
+0.05 Hz of reading for frequencies
within 20.00-70.00 Hz
(11 > 0.8 = Inom) with current
tracking

Line-to-Line Voltages: +1% of reading (+2% with the
xx71xx card), £ 17 for voltages

within 24-264 V

© 2007-2013 by Schweitzer Engineering Laboratories, Inc. All rights reserved,

All brand or product names appearing in this decument are the trademark or registered
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federal and international copyright and patent laws in [ts products, including without Iim-
Itation software, firmware, and documentation.
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HVS-C-1512S8-J-NASA

15kV Class

Splice for 1/C jacketed Concentric Neutral Power Cables

Safety Instructions

Suggested Installation Equipment {not supplied with kit)

When installing efectrical power system accessories.

failure to follow applicable personal safaty
requirements and written installation instructions could result in fire
or explosion and serious or fatal injuries.

To avoid risk of accidental fire or explosion when

using gas torches. always check all connections for
leaks before igniting the torch and follow the torch manufacturer's
safety instructions.

To minimize any effect of fumes produced during
installation, always provide good ventilation of

confined work spaces,
As TE has no controf aver field conditions which

— influence product installation, it is understood that the
user raust take this into account and apply his own experience and
expertise when instalfing product.

A DANGER

Working around energized high-voltage systems may
cause serious injury or death. Installation shou

be performed by personne{ familier with good safety pract,

handling highvoltage electrical equipment. De-energize a

alf electrical systems before installing product. :

Power distribution and transmission

be properly selected for the intended &
must be installed and serviced by competent personne
been trained and undarstand proper safety p
instructions are written for such personnel anginieag
for adequate training and experience in safeth®

Read and understand the
instructions before inst&l

approved procedures and safaty pf. WG or
operating this equipmas

A CAUTION

nor provide direc
instalfation, operati

s desired to selisiy &
user s plirpose, please
instructions are not intendedes
and operating procedures.

Upon receipt of & product, inspect it thoroughly for

damage and loss of parts incurred during shipment.
H damage or Joss is discovered, file a claim with the carrier
immediately or comtact your TE representative.

Cable preparation tools _
TE P63 cable preparation kit or cable menufg%’grer approved
solvent Lty

Clean, lintfree cloths

Non-conducting abrasive cigtl, 1 20@&5&1 !

Electrician’s tape AT
Connector(s) and installation tﬂ:
TE recommaendead torch R
i
Recommended TE To i oG

i wrtﬁ’rfa “clean burning” torch,
it-conductive contaminants

N-TE FH-2628, FH-2649 (uses
H-26 18A (uses disposable

:F.ErgMtorch as required to provide an overall 12- inch
 FH-2629 will be all blue, the other torches will
have a 3-to 4-inch yellow tip. Use the yellow tip for shrinking.

egulator Pressure

261 8A Full pressure
7649 25 psig
FH-28629 15 psig

General Shrinkim_;lnstructions

= Apply outer 3-to 4-inch tip of the flame to heat-shrinkable material
with a rapid brushing motion
Keep flame moving to avoid scorching
Unless otherwise instructed, start shrinking tube at center,
working flame around all sides of the tube to epply uniform heat

To determine if a tube has completely recovered, look for the follow-
ing, especially on the back and underside of the tube:

1. Unitorm wall thickness

2. Conformance to substrate

3. Noflat spots or chill marks

4. Visible sealant flow if the tube is coated

When installing multiple tubes, make sure that the

surface of the last tube is stilf warm before positioning
and shrinking the next tube. If instsifed tube has cooled, re-heat the
entire sirface,

Customer Service
For 24 hour customer service, call 800-32 7-6996.
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Installation Instructions

1. Product selection
Check kit selection with cable diamaetar dimensions in Table 1.

Table 1 Insulation Maximum Connector
Nominal Diameter Dimensions
Kit Cable Range Range Diameter Length

HVS-C-1512S-JNASA 4/0-400 kemit  0.70-1.30 (18-33mm} 1.17 (30mm}) 5.6"{140mm}

2. Prepare cables
| .
JCN JCN to JCN r B-— | Side 2

Overlap the two cables as shown, Refer to Table 2 (below) and Side 1
remove the cable jacket to Dimensions A {plus the 24" overlap) and }
B. | i
< A A— L]
| T 24" (610mm} —J‘——l

1213

] Tapel__4.. Sce 2

Fold back the neutral wires on Side 1. Trim the neutral wires on Side
2 to 4" and tape over ends as shown.

Cut Side 1 cable at center line.
fe—A—— Cut 24" (670mm) ——P-i
Overlap
1214
¢
JCNto JCN < C—*| Side 2
Sida 1
l Cable
Semi-con  Jacket
Neutral Insulation
Wires
1216
Table 2
Jacket Jacket Semi-con Maximum
Cutback Cuthack Cutback Connector Dimensions Expansion
Kit A B Cc Lenyth Diameter Gap “X*
Dimensions in inches
HVS-C-16125-J-NASA 9" 13° 6,267 55" 1.17° 0257
pomeee e e - c - = U
3. Remove insulation e z;
Refer 10 Table 2 and cut back the insulati h Ingusation Expansion /2 Loogth
ar 1o Table 2 and cutbac 8 insulation as shown. = e = +
% Cutback Gap of Connactor
"Ia
400
Pl 58602 2 PEN XXOOXXX-000
Revision AA Effective Date: April 26, 2012
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4. Abrade insulation; clean cable

Abrade the insulation, if necessary, 10 remove imbedded semi-con.
Clean cable as shown.

79K39410

Abrade .-
Insulation

Abrade
fnsulation

i
gy

5. Place tubes over cable; install connector
Protect tubes from end of conductor as it is placed over the cabie.
Install the connectar. After installation, deburr connector,

Using an approved solvent, clean the insulation as shown,

6. Apply SRM at semi-con cutback

Remove backings from the short angle-cut piece of SRM. Place tip
of SRM at semi-con cutback and tightly wrap to fill semi-con step.
Overlap semi-con and insulation as shown. Taper SRM down to
meet insulation.

Depending on cable size, more SRM may be supplied than is required

to fill the step. After filling the step, discard excess angla-cut pieces.

Stretch SAM fo
1/4* (8mm) wide

1/4" (5mm
1/4" (Smm)—»| Semi-con J(‘)verlap

Insulation Overlap

7. Apply SRM over connector

Remove backing from one side of the long strip of Stress Relief
Material (SRM). Roll the SRM and remaining backing strip into a
convenient size. Removing the remaining backing strip, tightly wrap
the SRM around the connector and exposed conductor. Be sure to
fill the gaps and low spots around the connector.

Continue to wrap SRM 1/4" (5mim) onto the solvent cleaned
insulation as shown (finished SRM diameter should be only slightly
larger than that of the cabla insulation). |t may not be necessary to
use all of the SRM. ’

On cables of differing insulation diameaters, SRM should be tapered
down from the ilarger insulation OD to the smaller.

If connector diameter is larger than insufation

arameter, apply two tightly wrapped, halt-lapped
layers of SRM over the entire connector. Discard any excess SRM
ffong strips).

174 (m)-—”—- ->”-1I4' (5mm)

H:ﬁﬂ-!

1219

8. Apply Silicone Grease {SG)

Ship open end of the $G ampule and apply a thin film of compound
on the SRM over the connector and the semicon steps.

Apply thin film of SG over surface of instalied SAM

1765
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9. Position black stress control tube; shrink in place

Center the tube over the splice. Begin shrinking at the center (1)
of the tube, werking the torch around all sides of the tube. After
the center portion shrinks, work towards one end (2), then to the

79K39410

BiagK

opposite end (3).

Do nat point the flame at the cable semi-con,

Post heat the connector area until the tube surface is smooth and the

underdying SRM wraps are no longer visible.

Stass Conlcal Tube

1768

10. Apply red sealant

Remove release paper from red sealant strip. Fold in half to make 1"
wide and place two full wraps onto cable semicon layer butted up
against the black stress control tube

1767

11. Position black/red triple layer tube; shrink in place

Center tibe over joint as shown. Begin shrinking at center of tube
{1). working torch with a smooth brushing motion around the tube.
Before moving away from the center, make sure the tube has shrunk
by gently twisting the unshrunk end to feel for resistance. After

center portion shnnks, work torch as before toward one end {2), then

to the opposite end (3).

Pay particular attention to the hard to reech parts,
especially the back and underside of the tube. The

tuba should have a smooth and even surface when finished,

Post heat the entire tube for 1 minute after fully shrunk.

Twist to check for
resislgr?c"gn center.

-+—— Post heat 1 minute —-D-!

12. Connect nuetral wires nd external solid copper ground wire

Split the concentric neutral wires in half for each end of the cable
heing spliced. Cut a length of #4 AWG solid hare copper wire that
will be long enough when folded in half to go from the splice to the
ground grid conductor. Use two barrel crimp connectors (such as
the FCI/Burndy YSM28) that are capeble of parallel connecting at
least 300 kemil of copper stands. Slide one leg of the #4 AWG solid,
and half the concantric neutrals from each side of the splice through
the barrel crimp connector. The solid #4 AWG conductor shoutd
loop through both connectors and the bend should not be over the
triple leyer tube. Make sure to trim the excess concentric neutral

wires that extend beyond the connectors.
i

Connecto

Apply one layer biack
mastic onto jacket about

1" from cutback md wires

1228

Crimp the connectors.

Use vinyl, friction or rubber tape to cover the crimp and any sharp
edges of wire sticking out of the erimp.

Use new black mastic. Abrads 8 inches of cable jacket on each side of
the splice. Clean with cable cleaner. Apply twowraps of black sealant
mastic on to the jacket starting near the jacket cut back. Press the #4
AWG solid wires into the black mastic and apply

tapa to the wires to hold them next to the cable jacket. Apply two layers
of black mastic overthe black mastic and the solid wires as shown.
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13. install the shielding mesh..

Wrap a half4apped layer of the mesh across the entire splice and tie-
off.

Abrade and solvent clean cable jackets as shown to provide an oiHfree
surface.

79K39410

814

14. Position wraparound slesve,

Remove or tape over ail sharp points to prevent puncture of
wraparound sleeve. Remove backing from the wraparound sealing
sleeve and center sleeve over splice. Clamp the metal retention clip
onto the butted rails at the center of the sleeve to hold the sleeve

together while channels are installed.

814b
15. Install channels.
Connect the channels by overtapping the retention clip as shown at
right.
. Channels slide ovar
Channels must overlap sleeve edge by 1/4 inch tetention clip
{5mm) minimum. Retention
Clip
if channels slide on essily go to step 16. If channel fit seems 1/4" (5mm) 1/4"(5mm)
minimum mirémum "’] r“

tight. continue with next paragraph.

As shown in illustration A, make sure flap iz not pinched between
the rails. Push the sleeve up from the bottom and down from the
top while siiding on channel as showr in illustration B. The ideaisto
flatten the rails together to prevent the channels from binding.
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16. Shrink the wraparound sleeve.

Preheat evenly along both sides of the rail/channel araa until this
area begins to shrink. To achieve uniform heating, move the flame
back and forth from one side of the channel to the other as shown

channel as shown in illustration “B” until the sleeve starts to shrink.
This technique wilt assure a properly preheated rail and channel area.

Begin shrinking at the center of the sleeve. After shrinking the entire
circumference at the center, then work toward each end. Apply heat
until the sleeve is fully shrunk and the heat-sensitive green paint is
completely converted to black. Continue heatingthe rail/channel area
for another 5 seconds per foot. A white line should be visible in the
channel gaps indicating sufficient heating.

Green heat-sensitive paint will turn black as sleeve

shrinks in place.
This completes the splice.
Allow to cool before moving or placing in service. A ;
l‘— Adhesive Flow (Both Ends) ——l
61ad
- —

The information contained in these instaflation instructions is for use only by installers trained to make electrical power installations and is intendad to describe the correct mathod
of installation for this product. He , TE has no control over the field conditions which influence product instalistion. It is the user's responsibility to determine the suitability of
the installation method in the usar's field conditions. TE's only obligations are those in TE's standard Conitions of Sale for this produet and in no case will TE be liable for any othsr
incidental, indirgct or consequential damages arising from the use or misuse of the products.

TE Connactivity and TE nonnactivit\f {iogo) are trademarks. Copyright 1998, 2008, 2010, 2012 Tyco Electronics Corporation, a TE Connectivity Lid. Company. All Rights
Reserved.
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